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(54) VARIABLE FLEXIBILITY CATHETER SUPPORT FRAME

(57) A guide catheter extension (1000), including a
push member (1001) having a lumen, a proximal end
(1003) and a distal end (1004); a tube frame (1005) de-
fining a lumen (1008) therein, a longitudinal axis (1009),
and a proximal segment (1010) and a distal segment

(1011), wherein the tube frame comprises a plurality of
cut patterns (1015,1016) therein; and a tongue element
(1017) extending from the proximal segment of the tube
frame, wherein the tongue element is coupled to the push
member.
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Description

Background

[0001] In coronary artery disease, the coronary arter-
ies may be narrowed or occluded by atherosclerotic
plaques or other lesions. These lesions may totally ob-
struct the lumen of the artery or may dramatically narrow
the lumen of the artery. In order to diagnose and treat
obstructive coronary artery disease, it is commonly nec-
essary to pass a guidewire or other interventional instru-
ments through and beyond the occlusion or stenosis of
the coronary artery.
[0002] Percutaneous coronary intervention (PCI), also
known as coronary angioplasty, is a therapeutic proce-
dure used to treat the narrowed or stenotic section of the
coronary artery of the heart due to coronary lesions or
obstructions. A guide catheter may be used in PCI to
support easier passage for another catheter or interven-
tional device, such as, a microcatheter, stents or bal-
loons, to access the target site. For example, the guide
catheter can be inserted through the aorta and into the
ostium of the coronary artery. Once seated in the opening
or ostium of the coronary artery a guidewire or other in-
strument can be passed through the lumen of the guide
catheter and then inserted into the artery distal to the
occlusion or stenosis. Another example for the use of a
guide catheter is found in femoro-popliteal intervention
where femoral artery intervention can be effectively per-
formed using radial or pedal access with guide catheters.
Ruza et al. JAAC 11:1062 (2018).
[0003] However, guide catheters may encounter cer-
tain difficulties. The anatomy in the area for placement,
e.g., the coronary vasculature, may be tortuous and the
lesions themselves may be comparatively non-compli-
ant. Moreover, when crossing comparatively non-com-
pliant lesions, a backward force sufficient to dislodge the
guide catheter from the ostium of the artery being treated
can be generated. In order to improve backup support,
U.S. RE 45,830 discloses a coaxial guide catheter which
is adapted to be passable within a guide catheter. The
distal portion of the coaxial guide catheter can be extend-
ed distally from the distal end of the guide catheter. The
coaxial guide catheter includes a flexible tip portion de-
fining a tubular structure having a lumen through which
interventional cardiology devices such as stents and bal-
loons can be inserted.
[0004] The guide catheter extension devices disclosed
or available require construction of different tube portions
of different characteristics and joining these tube portions
together. For example, as disclosed in U.S. RE 45,830,
the catheter extension includes a catheter tube portion
which may include a soft tip, an inner liner component,
a reinforced portion of the catheter body that is braided
or coiled over the inner liner (flat or round wire braid com-
position or flat or round metal coil) and a polymeric cover
section (e.g., Pebax, Nylon or other polymer material)
which is melted or recovered over the reinforced catheter

section, and a substantially rigid portion which may be
made of stainless steel or nitinol tube. RE 46,116,
RE45,760.
[0005] Another example of guide catheter design
shows a guide catheter having a collar transition is made
of a different material from the tubular portion. Here, the
tubular portion is formed from multi-filament braided wire
in order to reinforce the polymeric section. See, e.g., U.S.
Patent Nos. 8,048,032, 8,996,095, 9,352,123,
9,687,634, 9,764,118 and 9,993,613. However, these
multicomponent designs and fabrication requirements
can limit the mechanical properties and make fabrication
complicated.
[0006] Thus, there remains a need for improved design
for catheter bodies and catheter segments such as guide
catheter extensions, and more generally, alternative de-
signs for catheter tubes, that allow not only ease of fab-
rication, but also control of various characteristics of the
tube, e.g., axial torque transmission, steerability, variable
bending flexibility along the working length, pushability,
collapse or kink resistance, etc., at any point along the
tube. Controlling torqueability and flexibility at key points
along the length of a catheter are important in order to
enable the physician to negotiate access through various
complex and often tortuous, anatomical vasculature
which is often found in the coronary, peripheral or neu-
rovascular systems.

Summary of the Invention

[0007] The present disclosure provides a guide cath-
eter extension, including: a push member having a lu-
men, a proximal end and a distal end; a tube frame de-
fining a lumen therein, a longitudinal axis, and a proximal
segment and a distal segment, wherein the tube frame
comprises a plurality of cut patterns therein; and a tongue
element extending from the proximal segment of the tube
frame, wherein the tongue element is coupled to the push
member. The push member may include a plurality of cut
patterns therein. The push member may include a plu-
rality of interrupted spiral cut patterns.
[0008] The cut patterns of the tube frame may include
a plurality of interrupted spiral-cut patterns. The plurality
of interrupted spiral-cut patterns may extend along a
length of the tube frame having an average stiffness be-
tween 0.002-0.004 N/mm. The plurality of interrupted spi-
ral-cut patterns may extend along a length of the tube
frame having an average stiffness of 0.003 N/mm.
[0009] The cut patterns of the tube frame may include
a continuous spiral-cut pattern. The continuous spiral-
cut pattern may extend along a length of the tube frame
having an average stiffness between 0.001-0.003 N/mm.
The continuous spiral-cut pattern may extend along a
length of the tube frame having an average stiffness of
0.002 N/mm.
[0010] The cut patterns of the tube frame may include
a plurality of rings coupled together by a plurality of struts,
wherein the rings are spaced apart from each other by a
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cut width, each ring having a width and each strut having
a width and a length. The plurality of rings may extend
along a length of the tube frame having an average stiff-
ness between 0.005-0.016 N/mm N/mm. The rings may
be oriented perpendicular to the longitudinal axis of the
tube frame. The rings may be positioned at the distal
segment of the tube frame. The plurality of struts can
form at least one helical pattern in the distal segment of
the tube frame. The plurality of struts may be aligned in
at least one line that runs substantially parallel to the
longitudinal axis of the tube frame. The struts may be
positioned on every other pair of rings. The struts in ad-
jacent rings may be angularly offset from one another at
a radial angle ranging from about 5 degrees and about
180 degrees. A hypothetical plane formed by bisecting
the tube frame at the proximal end of the tube frame may
be perpendicular to the longitudinal axis of the tube
frame.
[0011] The tube frame may include a plurality of pro-
trusions which extend from the proximal end of the tube
frame. The protrusions may terminate at a plurality of
points that lie on a hypothetical plane that is perpendic-
ular to the longitudinal axis of the tube frame. The pro-
trusions can be coupled to a flare.
[0012] The cut patterns of the tube frame may include
at least one zone along a portion of the length of the tube,
the zone comprising a plurality of units, wherein the units
of the zone are distributed circumferentially around the
tube in at least one first band, each unit of the zone com-
prises at least one cutout segment that is oriented around
a center of symmetry, wherein the center of symmetry of
each unit in the band is positioned equally from the center
of symmetry of an adjacent unit in the same band and
the center of symmetry of each unit is positioned at the
same point on the circumference of the tube as the center
of symmetry of a second unit in a third band which is
separated by one band from the first band; a skived collar
transition section disposed adjacent the tube, the transi-
tion section having a tapered edge, a short end and a
long end; and a push member attached at the long end
of the transition section. The at least one zone can extend
along a length of the tube frame having an average stiff-
ness between 0.002-0.004 N/mm. The at least one zone
may extend along a length of the tube frame having an
average stiffness of 0.003 N/mm. Each unit comprises
three cutout segments extending radially from a center
of symmetry of the unit, wherein each cutout segment of
the unit is positioned 120° degrees from the other cutout
segments in the unit in the band.
[0013] The guide catheter extension may further in-
clude seven zones - a first zone, a second zone, a third
zone, a fourth zone, a fifth zone, a sixth zone and a sev-
enth zone, each zone having is formed from a plurality
of units, wherein rank order of cutout surface area and
cut-pattern perimeter length is: unit of the first zone <unit
of the second zone <unit of the third zone <unit of the
fourth zone <unit of the fifth zone <unit of the sixth zone
<unit of the seventh zone. The zones may be arranged

in sequence as first zone, second zone, third zone, fourth
zone, fifth zone, sixth zone and seventh zone.
[0014] The cut patterns of the tube frame may include
a single cut pattern. The cut patterns of the tube frame
may include at least two cut patterns selected from the
group consisting of continuous spirals, interrupted spi-
rals, interconnected rings and zones or combinations
thereof. At least one uncut segment of the tube frame
can be disposed between two cut patterns. At least one
uncut segment can be disposed along the tube frame.
[0015] At least a portion of the lumen of the tube frame
may include a polymer liner bonded to the inner wall of
the tube frame by at least one area of contact between
the polymer liner and the inner wall along the length of
the tube. The polymer liner can form a tube, and the tube
may be positioned co-axially within the lumen of the tube
frame. The polymer liner may include at least two polymer
layers, wherein each polymer layer has a different glass
transition temperature. The polymer layer adjacent to the
inner wall of the tube frame may have a lower glass tran-
sition temperature (melt temperature) than the polymer
layer adjacent to the lumen of the tube frame. The poly-
mer liner can be bonded to the inner wall of the tube at
a plurality of areas of contact between the polymer liner
and the inner wall along the length of the tube. The pol-
ymer liner may be bonded continuously to the inner wall
of the tube frame along the length of the tube. The areas
of contact may be spaced apart from one another along
the longitudinal axis of the tube by a distance ranging
from about 1 mm to about 2.5 cm. The polymer liner may
be bonded to the inner wall of the tube frame in a con-
tinuous helical pattern running along at least a portion of
the length of tube frame. The polymer liner may be bond-
ed to the inner wall of the tube frame by melting the pol-
ymer to the tube at selected areas of contact. The poly-
mer liner may be bonded to the inner wall of the tube
frame by an adhesive. The polymer layer adjacent to the
inner wall of the tube can be a polyether block amide,
and the polymer layer adjacent to the lumen of the tube
frame can be polytetrafluoroethylene (PTFE). The poly-
mer layer adjacent to the lumen of the tube frame may
be coated with a lubricous material.
[0016] The tube frame can be covered by an outer jack-
et, and the outer jacket may be coated with a lubricious
material.
[0017] The proximal segment of the tube frame may
have a less axial flexibility than the distal segment of the
tube frame.
[0018] The push member can have a cross-sectional
width ranging from about 0.25mm to about 2.5mm. The
push member may have a cross-sectional width ranging
from about 0.25 mm to about 0.76 mm. The push member
can be constructed from a hypotube having an inner lu-
men. The push member can define a substantially rec-
tangular cross section along a length. The length of the
tube frame can range from about 5 cm to about 150 cm,
or alternatively, from about 50 cm to 100 cm.
[0019] The tube frame may include a plurality of pro-
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trusions which extend from the proximal end of the tube
frame and/or a plurality of protrusions which extend from
the distal end of the tube frame. The guide catheter ex-
tension may include a flare coupled to the protrusions on
the proximal end of the tube frame, wherein the flare is
constructed from a polymer. A catheter tip can be coupled
to the protrusions on the distal end of the tube frame,
wherein the catheter tip is constructed from a polymer.
The polymer can be impregnated with a radiopaque ma-
terial.
[0020] The tube frame can be constructed from nitinol
or spring steel.
[0021] Two cuts may be positioned within the tube
frame, on either side of the tongue element, each cut
running substantially parallel with the longitudinal axis of
the tube. Each of the cuts may terminate in the proximal
segment of the tube frame at a keyhole.
[0022] The present disclosure provides a guide cath-
eter extension, comprising: a push member having a
proximal end and a distal end; and a tube frame coupled
to the distal end of the push member, the tube frame
defining a lumen, having a diameter sufficient to receive
an interventional vascular device therethrough, an inner
wall, wherein the tube frame includes a distal segment
having a plurality of rings, wherein each of the rings are
coupled to one another by a plurality of connection and
a tongue extending from the proximal segment of the
tube, wherein the tongue is coupled to the push member.
[0023] Connections between adjacent rings of the plu-
rality of connections may be axially aligned. Connections
between adjacent of the plurality of connections may be
angularly offset from one another at an angle ranging
from about 5 degrees and to about 180 degrees. The
plurality of connections may form a helical pattern along
the distal segment of the tube frame.
[0024] A polymer liner may be disposed within the lu-
men and extending through the plurality of interconnect-
ed rings. The polymer liner can include at least two pol-
ymer layers, wherein each polymer layer has a different
glass transition temperature and wherein the polymer
layer adjacent to the inner wall of the tube frame has a
lower glass transition temperature (melt temperature)
than the polymer layer adjacent to the lumen.
[0025] The guide catheter extension can include an
outer polymer jacket covering at least a portion of the
plurality of rings, wherein the outer polymer jacket is not
fused to any portion of the plurality of rings.
[0026] The present disclosure provides a guide cath-
eter extension, comprising: a push member having a
proximal region and a distal region; and a tube frame
coupled to the distal end of the push member, wherein
the tube frame comprises: a tube frame defining a lumen
therethrough having a diameter sufficient to receive an
interventional cardiology device therethrough, wherein
the tube frame has an average stiffness between approx-
imately 0.03 N/mm and approximately 0.10 N/mm along
a substantial length thereof. The tube frame is pushable
through a curve having a radius of approximately 2.5 mm

without kinking. The tube frame may have a wall thick-
ness between approximately 0.0254 mm and approxi-
mately 0.254 mm. The tube frame may have a wall thick-
ness between approximately 0.0635 mm and approxi-
mately 0.1143 mm.
[0027] The guide catheter extension may include a pol-
ymer liner at least partially disposed within the lumen of
the tube frame, wherein the polymer liner is partially
bonded to the tube frame. The polymer liner may have
a wall thickness between approximately 0.00635 mm and
approximately 0.127 mm. The polymer liner can be bond-
ed to the tube frame at a plurality of discrete locations
along the length of the tube, and wherein a width of each
bond at each discrete location is between approximately
1 mm and approximately 2mm.
[0028] The guide catheter extension can include a plu-
rality of rings positioned in a distal region of the tube
frame, wherein the width of each ring is between approx-
imately 50 microns and approximately 200 microns. Each
ring may be spaced from an adjacent ring between by
approximately 10 microns and approximately 300 mi-
crons.
[0029] The guide catheter extension may include an
outer polymer jacket covering at least a portion of the
plurality of interconnected rings, wherein the outer poly-
mer jacket is not fused to any portion of the plurality of
interconnected rings, and wherein the outer polymer
jacket has a wall thickness between approximately 5 mi-
crons and approximately 10 microns.
[0030] The guide catheter extension may include a
tongue element extending from the proximal segment of
the tube frame, wherein the tongue is coupled to the push
member.

Brief Description of the Drawings

[0031]

Figure 1a is a perspective view of an example of a
catheter constructed in accordance with the princi-
ples of the present disclosure.
Figure 1b is a side view of the catheter of Figure 1a.
Figure 1c is a closer side view of a tube frame of the
catheter of Figure 1a.
Figures 2a-h are examples of various cut patterns
of a catheter constructed in accordance with the prin-
ciples of the present disclosure.
Figure 3 is another example of a cut pattern of a
catheter constructed in accordance with the princi-
ples of the present disclosure.
Figures 4a-4b depict examples of interconnected
ring segments constructed in accordance with the
principles of the present disclosure.
Figure 5 depicts an example of a distal region of a
catheter constructed in accordance with the princi-
ples of the present disclosure.
Figure 6a depicts an example of a distal region of a
catheter constructed in accordance with the princi-
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ples of the present disclosure.
Figures 6b-6c illustrate examples of the flexibility
characteristics of a catheter constructed in accord-
ance with the principles of the present disclosure.
Figure 7 depicts an example of a distal region of a
catheter constructed in accordance with the princi-
ples of the present disclosure.
Figures 8a-8c illustrate examples of cut patterns for
a catheter constructed in accordance with the prin-
ciples of the present disclosure.
Figures 9a-9b illustrate examples of cut patterns for
a catheter constructed in accordance with the prin-
ciples of the present disclosure.
Figure 10a is a perspective view of an example of a
tube frame of a catheter constructed in accordance
with the principles of the present disclosure.
Figure 10b is an alternative perspective view of the
distal tube of Figure 10a.
Figures 11a-11b illustrate alternative examples of
tube frames of a catheter constructed in accordance
with the principles of the present disclosure.
Figure 12 is a side view of an example of a catheter
constructed in accordance with the principles of the
present disclosure.
Figure 13a-13b is a perspective view of an example
of a push rod coupling constructed in accordance
with the principles of the present disclosure.
Figure 14 is a perspective view of an alternative ex-
ample of a push member coupling constructed in ac-
cordance with the principles of the present disclo-
sure.
Figure 15 is a perspective view of another alternative
example of a push member coupling constructed in
accordance with the principles of the present disclo-
sure.
Figure 16 is a perspective view of yet another alter-
native example of a push member coupling con-
structed in accordance with the principles of the
present disclosure.
Figure 17 is a perspective view of still another alter-
native example of a push member coupling con-
structed in accordance with the principles of the
present disclosure.
Figure 18 is a perspective view of an example of a
push member constructed in accordance with the
principles of the present disclosure.
Figure 19a is a top perspective view of another al-
ternative example of a push member coupling con-
structed in accordance with the principles of the
present disclosure.
Figure 19b is an underside perspective view of the
push member coupling of Figure 19a.
Figure 19c is a side view of the push member cou-
pling of Figure 19a.
Figure 20a is a top perspective view of another al-
ternative example of a push member coupling con-
structed in accordance with the principles of the
present disclosure.

Figure 20b is an underside perspective view of the
push member coupling of Figure 20a.
Figure 21a is a top perspective assembly view of
another alternative example of a push member cou-
pling constructed in accordance with the principles
of the present disclosure.
Figure 21b is an assembled view of the push member
coupling of Figure 21a.
Figures 21c-d are examples of flexibility patterns
constructed in accordance with the principles of the
present disclosure.
Figures 22a-f depict examples of axial protrusion
configurations constructed in accordance with the
principles of the present disclosure.
Figures 23a-c depict examples of tube frame flares
for a catheter constructed in accordance with the
principles of the present disclosure.
Figure 24 depicts an example of a flare for a catheter
constructed in accordance with the principles of the
present disclosure.
Figures 25a-c depict another example of a flare for
a catheter constructed in accordance with the prin-
ciples of the present disclosure.
Figures 26a-b depict another example of a flare for
a catheter constructed in accordance with the prin-
ciples of the present disclosure.
Figures 27a-c depict yet another example of a flare
for a catheter constructed in accordance with the
principles of the present disclosure.
Figures 28a-b depict yet another example of a flare
for a catheter constructed in accordance with the
principles of the present disclosure.
Figures 29a-d depict a guidewire entering a distal
assembly of a catheter constructed in accordance
with the principles of the present disclosure.
Figure 30 is an example of a transverse cross-sec-
tional view of the catheter of Figures 1a-c.
Figure 31 is a chart illustrating flexibility testing of
varying catheter components and assemblies.
Figure 32 is an illustration of a bend-test configura-
tion for measuring flexibility.
Figures 33a-c depicts an example of a fuse pattern
for an inner liner of a distal assembly constructed in
accordance with the principles of the present disclo-
sure.
Figure 33d depicts another example of a fuse pattern
for an inner liner of a distal assembly constructed in
accordance with the principles of the present disclo-
sure.
Figure 34 is a lengthwise cross-sectional view of the
distal region of a catheter constructed in accordance
with the principles of the present disclosure.
Figure 35 is a lengthwise cross-sectional view of an
example of a distal tip for a catheter constructed in
accordance with the principles of the present disclo-
sure.
Figure 36a-d depict examples of outer jackets con-
structed in accordance with the principles of the
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present disclosure.
Figure 37 is a photograph of various catheters nav-
igating curves of decreasing radii.
Figures 38a-c illustrate an example of use of a cath-
eter constructed in accordance with the principles of
the present disclosure.

Detailed Description

[0032] The present disclosure provides examples of
guide catheter extension devices. Referring now to Fig-
ures 1a-c, an example of a guide catheter extension 1000
is shown. The guide catheter extension 1000 is sized and
configured to pass through and extend distally from a
guide catheter as described herein. The guide catheter
extension 1000 generally includes a push member 1001
coupled to a distal tube frame 1005, and may have suf-
ficient length such that, in use, a proximal region of the
guide catheter extension 1000 is accessible or positioned
exterior to a patient (such as at a proximal end or hub of
a separate guide catheter), while a distal region of the
guide catheter extension 1000 extends distally outward
from an end of the guide catheter positioned within the
anatomy of the patient.
[0033] The overall length of the guide catheter exten-
sion 1000 may vary depending upon the particular pro-
cedure or application being performed and/or a vascula-
ture access point being utilized (e.g., whether introduced
via a radial artery, femoral artery, contralateral access,
or the like). For example, if the guide catheter extension
1000 is being used to access a coronary vessel, such as
the right and left coronary arteries, the overall length of
the guide catheter extension 1000 may be between ap-
proximately 110 cm (43.30 inches) and approximately
175 cm (68.89 inches). In a procedure involving access
to a peripheral blood vessel, the overall length of the
guide catheter extension 1000 may be between approx-
imately 45 cm (17.72 inches) and approximately 300 cm
(118.11 inches), with extended lengths being useful for
procedures involving brachial or radial artery access
points.
[0034] The push member 1001 can be made from one
or more metallic materials (such as stainless steel), pol-
ymers, ceramics, and/or composites thereof providing
sufficient axial loading or pushability to allow a user to
move the guide catheter extension 1000 through an in-
terior of a guide catheter without having the push member
1001 significantly bend, kink, or otherwise deform and
potentially obstruct or damage the guide catheter, while
also providing sufficient flexibility to allow the guide cath-
eter extension 1000 to navigate various curves and
bends of the vasculature while disposed within the guide
catheter.
[0035] The push member 1001 may include, for exam-
ple, one or more segments of hypotube, spiral-cut hypo-
tube, multi-thread cable, interrupted-spiral cut tube, other
cut geometries/configurations, or other elongated mem-
ber(s), and may include one or more lumens 1002 therein

and/or therethrough for the passage of one or more wires,
devices, fluid delivery and/or aspiration features, or the
like. Alternatively, the push member 1001 may be con-
structed without any lumens therein or therethrough.
[0036] The push member 1001 may include a small
diameter or cross-sectional profile relative to an inner
diameter or clearance of the guide catheter to reduce the
amount of space within the guide catheter that the push
member 1001 occupies, thereby allowing one or more
other devices, instruments, or otherwise to pass through
the guide catheter with minimal interference or obstruc-
tion. For example, the push member 1001 may have a
diameter or cross-sectional width between approximate-
ly 0.254 mm (0.010 inches) and approximately 2.54 mm
(0.100 inches) for use in a guide catheter having an inner
diameter of 1.1016-30.48 mm (0.04-1.20 inches). In a
preferred example, the push member 1001 may have a
diameter or cross-sectional width between approximate-
ly 0.254 mm (0.010 inches) and approximately 0.762 mm
(0.030 inches). The push member 1001 may have one
or more cross-sectional shapes or profiles along its
length, including but not limited to circular, hemi- or semi-
circular, square, rectangular, triangular, and/or oval
shapes or profiles. In addition and/or alternatively, the
push member 1001 can comprise a plurality of cut pat-
terns in one or more sections thereof.
[0037] The push member 1001may define a proximal
end 1003 and a distal end 1004, and may have an overall
length constituting the majority of the length of the guide
catheter extension 1000. The length of the push member
1001 may be sufficient to enter an incision or patient ac-
cess point (which may include, for example, a hub, he-
mostatic valve, and the like), traverse the vasculature of
the patient, and position the tube frame 1005 in proximity
to a desired treatment site while a portion of the push
member 1001 remains outside the patient and accessi-
ble/operable by a physician. The length may vary de-
pending upon the particular procedure or application be-
ing performed and/or a vasculature access point being
utilized (e.g., whether introduced via a radial artery, fem-
oral artery, contralateral access, or the like). The push
member and/or other proximal portion of the guide cath-
eter extension 1000 may include a stop feature that pre-
vents a physician from inserting the extension 1000 too
far into the guide catheter. For example, the guide cath-
eter extension 1000 may include a raised protrusion,
weld, or other mass that exceeds a diameter or size of a
guide catheter, hemostatic valve, and /or proximal device
hub to mechanically prevent the over-insertion of the
guide catheter extension 1000.
[0038] The tube frame 1005 includes or otherwise de-
fines an outer wall 1007 and an inner wall 1006 enclosing
a lumen 1008, a longitudinal axis LA 1009, a proximal
segment 1010 and a distal segment 1011. The tube frame
1005 has a proximal end 1012 and a distal end 1013 and
a length, L, 1014. The tube frame 1005 has a plurality of
cut patterns 1015, 1016 (note, 1015 and 1016 represent
only two possible embodiments of the various cut pat-
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terns that can be present in the tube frame). The tube
frame 1005 has a tongue element 1017 extending from
the proximal segment 1010 of the tube frame 1005,
wherein the tongue element 1017 is coupled to the push
member 1001. In certain embodiments, the tongue ele-
ment 1017 extends from the proximal end 1012 of the
proximal segment 1010.
[0039] Both the proximal end 1012 and the distal end
1013 of the tube frame 1005 can have protrusions 1019
and 1021, respectively. Flares or caps may be attached
to the protrusions. This embodiment is shown in Figures
1a-c with the protrusions 1019 for the proximal end 1012,
and the flare 1018 on the proximal end and the protru-
sions 1021 for the distal end 1013 with the tip 1023 at-
tached to the protrusions 1021.
[0040] A portion of the tube frame 1005 can have a
polymer liner 1022 and/or the outer wall 1007 of the tube
frame 1005 can be covered (completely, partially, and/or
intermittently) with an outer jacket 1020 (see, e.g., Figure
30). The proximal end 1012 of the tube frame 1005, the
ends of the protrusions 1019 at the proximal end 1012
of the tube frame 1005, and the flare 1018 are each ori-
ented perpendicular to the longitudinal axis LA 1009 of
a hypothetical plane bisecting the tube frame 1005.
[0041] The tube frame 1005 may be constructed from
nitinol or stainless steel. For example, the tube frame can
be made from metals, polymers, or a combination of pol-
ymers and metals. Examples of materials that may be
used include stainless steel (SST), nickel titanium (Niti-
nol), or polymers. Preferred examples of other metals
which may be used include, super elastic nickel titanium,
shape memory nickel titanium, Ti-Ni, nickel titanium, ap-
proximately, 55-60 wt.% Ni, Ni-Ti-Hf, Ni-Ti-Pd, Ni-Mn-
Ga, Stainless Steel (SST) of SAE grade in the 300 to 400
series e.g., 304, 316, 402, 440, MP35N, and 17-7 pre-
cipitation hardened (PH) stainless steel, other spring
steel or other high tensile strength material or other bio-
compatible metal material. In one preferred embodiment,
the material is superelastic or shape memory (e.g., nickel
titanium), while in another preferred embodiment, the
material is stainless steel.
[0042] The tube frame 1005 can include a superelastic
alloy (generally referred to as "a shape-memory alloy")
in its entirety, or in only in selected sections thereof. Ex-
amples of such superelastic alloys include: Elgiloy® and
Phynox® spring alloys (Elgiloy® alloy is available from
Carpenter Technology Corporation of Reading Pa.;
Phynox® alloy is available from Metal Imphy of Imphy,
France), SAE grade 316 stainless steel and MP35N
(Nickel Cobalt) alloys which are available from Carpenter
Technology corporation and Latrobe Steel Company of
Latrobe, Pa., and superelastic Nitinol which is available
from Shape Memory Applications of Santa Clara, Calif.
U.S. Pat. No. 5,891,191.
[0043] Alternatively, the tube frame may be formed
from polymers, e.g., include polyimide, PEEK, nylon,
polyurethane, polyethylene terephthalate (PET), latex,
HDHMWPE (high density, high molecular weight poly-

ethylene) and thermoplastic elastomers or other poly-
mers with similar mechanical properties.
[0044] The tube frame 1005 may be made by forming
a pipe of a super elastic metal and then removing the
parts of the pipe where the notches or holes are to be
formed. The notches, holes or cuts can be formed in the
pipe by laser (solid-state, femtosecond laser, or YAG la-
ser, for example), electrical discharge (electrical dis-
charge machining (EDM)), chemical etching, photo-etch-
ing mechanical cutting, or a combined use of any of these
techniques. U.S. Patent No. 5,879,381.
[0045] The overall length of the tube frame 1005 may
vary depending upon the particular procedure or appli-
cation being performed and/or a vasculature access point
being utilized (e.g., whether introduced via a radial artery,
femoral artery, contralateral access, or the like). For ex-
ample, if the guide catheter extension 1000 is being used
to access a coronary vessel, such as the radial or femoral
arteries, the overall length of the tube frame 1005 may
be between approximately 10.16 cm (4 inches) and ap-
proximately 33.02 cm (13 inches). In a procedure involv-
ing access to a peripheral blood vessel, the overall length
of the tube frame 1005 may be between approximately
20.23 cm (8 inches) and approximately 91.44 cm (36
inches).
[0046] The tube frame 1005 may be sufficiently sized
to receive interventional cardiology devices and/or instru-
mentation (such as, for example, treatment catheters,
stent delivery and/or recovery devices, aspiration or oc-
clusion treatment devices, etc.) therethrough, while also
enabling the tube frame 1005 to pass through an inner
diameter of the guide catheter.
[0047] The tube frame 1005 provides a combination of
features contributing to the function, operability, and per-
formance of the guide extension catheter. For example,
the tube frame 1005 should provide a desired degree of
structural integrity to prevent the lumen 1008 of the tube
frame 1005 from collapsing during use. The tube frame
1005 also contributes to both the pushability and resist-
ance to axial extension or compression under axial load,
while also providing sufficient flexibility to navigate the
contours of the anatomy both within and exterior to the
guide catheter. To provide such features, the tube frame
1005 may be constructed from one or more metals, pol-
ymers, and/or composites thereof. In one embodiment,
the tube frame 1005 may be constructed from nitinol or
spring steel and may have a wall thickness ranging be-
tween approximately 0.0254 mm (0.001 inches) and ap-
proximately 0.254 mm (0.010 inches). In a preferred ex-
ample, the tube frame 1005 may have a wall thickness
ranging between approximately 0.0635 mm (0.0025
inches) and approximately 0.1143 mm (0.0045 inches).
[0048] In one embodiment, the cut patterns of the tube
frame 1005 can form a series or plurality of interrupted
spiral cut patterns 15-18. Figures 2a-h. The various cut
patterns can be distributed at any point along the length
of the tube frame 1005. In another embodiment, the spiral
cut path width includes alternating open or cut portions
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and uncut portions 2005-2007. The spiral pathway width
is composed of alternating cut and uncut sections and is
angled with respect to a circumference of the tubular por-
tion (in other words, a pitch angle φ as shown in Figure
3 of less than 90°). Such cut patterns may also be imple-
mented into the push member 1001 to provide varying
degrees of pushability, flexibility, and overall operability
of the guide catheter extension 1000.
[0049] As illustrated in Figure 3, each helically-oriented
uncut portion has an arcuate extent "α" and each heli-
cally-oriented cut portion has an arcuate extent "β". An-
gles α and β can be expressed in degrees (where each
complete helical turn is 360°). The uncut portions can be
distributed such that adjacent uncut portions are not in
axial alignment (or "staggered") with each other along a
direction parallel to the longitudinal axis LA 3009. The
uncut portions 3005 on every other turn of the interrupted
spiral cut width can be axially aligned. The cut portions
are shown as 3003 and 3004, while the spiral pattern is
labeled 3001 and 3002. Figure 3. The pitch angle φ and
the distribution of continuous or interrupted spiral cut pat-
terns can vary across the length, L 1014 of the tube frame
1005. The spiral-cut patterns of the tube frame 1005 can
be formed from continuous spiral-cut sections, interrupt-
ed spiral-cut sections, or a hybrid of both types of spiral-
cut patterns, where the various patterns can be arranged
in any order on the tube frame 1005.
[0050] The spiral-cut sections provide for a graduated
transition in bending flexibility, as measured by pusha-
bility, kink resistance, axial torque transmission for rota-
tional response, and/or torque to failure. For example,
the spiral-cut pattern may have a pitch that changes to
increase flexibility in one or more areas of the tube frame
1005. The pitch of the spiral-cuts can be measured by
the distance between points at the same radial position
in two adjacent threads. In one embodiment, the pitch
may increase as the spiral-cut progresses from a proxi-
mal position to the distal end of the catheter. In another
embodiment, the pitch may decrease as the spiral-cut
progresses from a proximal position on the catheter to
the distal end of the catheter. In this case, the distal end
of the catheter may be more flexible. By adjusting the
pitch and the cut as well as the uncut path of the spiral-
cuts, the pushability, kink resistance, torque, flexibility
and compression resistance of the tube frame, may be
controlled to meet user needs.
[0051] The spiral-cut patterns of the tube frame 1005
can be formed from continuous spiral-cut sections, inter-
rupted spiral-cut sections, or a hybrid of both types of
spiral-cut patterns, where the various patterns can be
arranged in any order on the tube frame 1005. The inter-
rupted cut spiral modules have the ability to maintain a
concentric lumen area while in a bent configuration, even
in sharp bends of small radii. The ability to maintain a
concentric lumen of the tube frame 1005 enables smooth
wire movement, in either direction within the tubular lu-
men, without resulting in a deformation of the lumen. Ad-
ditionally, using superelastic materials such as Nitinol for

the spiral cut segments, allows a segment to bend in tight
curves through various vascular passageways without
permanent lumen deformation.
[0052] The modulation of flexibility/rigidity across the
length of the tube frame 1005 can be accomplished in a
number of ways. For example, by varying the spiral-cut
pattern variables (pitch, interruptions) and transitioning
between spiral-cut patterns the flexibility/rigidity of a tube
may be controlled. In addition, the spiral-cut pattern al-
lows the cross-sectional diameter of the lumen to be
maintained when the tube frame 1005 is bent or curved.
Spiral-cut sections having different cut patterns may be
distributed along the length of the tube. The spiral-cut
patterns may be continuous or discontinuous along the
length of the module. For example, there may be 1, 2, 3,
4, 5, 6, 7, ... n spiral-cut sections along the length of the
tube frame. The spiral-cut sections may be continuous
or interrupted. Within each section a constant cut pattern
may be present, but across different sections within a
tube frame, the cut patterns may vary, e.g., in terms of
pitch. Each section may also contain a variable pitch pat-
tern within the particular section. Each spiral-cut section
may have a constant pitch, e.g., in the range of from
about 0.05 mm to about 10 mm, e.g., 0.1 mm, 0.2 mm,
0.3 mm, 0.4 mm, 0.5 mm, 0.6 mm, 0.7 mm, 0.8 mm, 0.9
mm, 1.0 mm, 1.5 mm, 2.0 mm, 2.5mm, 3.0 mm, 3.5 mm,
4.0 mm, etc. The pitch may also vary within each section.
The pitches for different spiral-cut sections may be same
or different. The orientation or handedness of spiral-cut
sections may also vary within the spiral-cut sections. The
width of the spiral cuts can vary, e.g., from about 1 micron
to about 100 microns.
[0053] For an interrupted spiral-cut section, the inter-
rupted spiral pattern can be designed such that each turn
or rotation of the spiral includes a specific number of cuts,
Nc (e.g., 1.5, 2.5, 3.5, 4.5, 5.5, etc.). Nc can also be whole
numbers, such as 2, 3, 4, 5, ... n, as well as other real
numbers, such as 2.2, 2.4, 2.7, 3.1, 3.3, etc. At a given
Nc, the uncut extent α and the cut extent β can be chosen
as α= (360-(β*Nc))/Nc such that each rotation has Nc
number of repeat patterns each comprising a cut portion
of extent β adjacent an uncut portion of extent α. For
example, at Nc = 1.5, 2.5, and 3.5, the following table
shows example choices of various embodiments for α
and β.

Table I - Nc α and β values

Nc = 1.5 Nc = 2.5 Nc = 3.5

β (°) α (°) β (°) α (°) β (°) α  (°)

230 10 140 4 90 12.13

229 11 139 5 89 13.13

228 12 138 6 88 14.13

227 13 137 7 87 15.13

226 14 136 8 86 16.13
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[0054] In another embodiment, the cut patterns of the
tube frame 1005 comprise a plurality of rings 4001-4016
coupled together by a plurality of connections 4018-4024,
where the rings 4001-4017 are spaced apart from each
other by a cut width 4025-4030 (labeled only for illustra-
tion purposes). Figure 4a. The rings are also referred to
as "interconnected rings". The interconnected rings may
include one or more radiopaque markers 4050 or other
visualization feature that can be viewed through one or
more medical imaging modality during a procedure (e.g.,
fluoroscopy, radiography, etc.). Such radiopaque points
along the length of the plurality of rings and/or tube frame
1005 could be applied by inserting insert one or more
radiopaque marker dots or rivets; through mask coating
such as plating or vapor deposition of gold or platinum
at designated locations; placement of one or more mark-
er rings or bands of material around the tube frame 1005,
which may be coaxially fixed as described herein. In ad-
dition and/or alternatively, one or more polymer layers
may be applied to portions of the plurality of rings and/or
tube frame 1005 with radiopaque materials and/or seg-
ments embedded therein.

(continued)

Nc = 1.5 Nc = 2.5 Nc = 3.5

β (°) α  (°) β (°) α  (°) β (°) α (°)

225 15 135 9 85 17.13

224 16 134 10 84 18.13

223 17 133 11 83 19.13

222 18 132 12 82 20.13

221 19 131 13 81 21.13

220 20 140 14 80 22.13

219 21 129 15 79 23.13

218 22 128 16 78 24.13

217 23 127 17 77 25.13

216 24 126 18 76 26.13

215 25 125 19 75 27.13

214 26 124 20 74 28.13

213 27 123 21 73 29.13

212 28 122 22 72 30.13

211 29 121 23 71 31.13

210 30 120 24 70 32.13

209 31 119 25 69 33.13

208 32 118 26 68 34.13

207 33 117 27 67 35.13

206 34 116 28 66 36.13

205 35 115 29 65 37.13

[0055] The dimensions of the rings are illustrated as
follows. Each ring has a width 4031. Each ring is spaced
from an adjacent ring by a cut width 4033. Each connec-
tion 4018-4024 or strut has a length 4035 and width 4037.
Figure 4b. Each of these parameters can vary across a
plurality of rings. The pathway around the tube frame
1005 between any two pair of rings, e.g., 4001/4002,
4002/4003, 4003/4004, 4004/4005, etc., is formed from
alternating cut section 4027 and uncut sections 4019 (al-
so referred to herein as the connection or strut), each
having a set arc length. Figure 4b. The dimensions of the
cut width, height of the rings, width and length of the struts
can be adjusted to achieve any desired flexibility or stiff-
ness of the tube frame 1005.
[0056] The rings 5001-5007 (selected rings labeled
herein only for illustration purposes) can be oriented per-
pendicular (or substantially perpendicular) to the longi-
tudinal axis LA 5008 of the tube frame 5009 and, in a
preferred embodiment, the plurality of rings 5001-5007
can be positioned at the distal segment 1011 of the tube
frame 1005. Figure 5. However, the rings can be posi-
tioned anywhere along the length L (1014) of the tube
frame 1005.
[0057] In certain embodiments, the struts 5014-5016
can form a helical pattern over the length of the section
of the tube frame having the rings. Figure 5. In this em-
bodiment, the struts 5014-5016 are distributed on every
adjacent ring, e.g., 5020/5021, 5021/5022 and
5022/5023. The struts on adjacent rings, e.g., 5020/5021,
5021/5022 and 5022/5023, can be angularly offset from
each other at an angle ranging from about 5 degrees to
about 180 degrees (5, 10, 15, 30, 45, 60, 90 and 180
degrees).
[0058] Alternatively, the struts 6008-6011 (Figure 6a)
can be linearly aligned parallel to the longitudinal axis LA
6013 of the tube frame 1005. In the embodiment shown
in Figure 6, the struts 6008-6011 are spaced on every
other pair of rings. For example, rings 6002 and 6003 are
connected by struts 6008 and rings 6004 and 6005 are
connected by strut 6009, but there is no strut at the same
radial position between rings 6003 and 6004.
[0059] The plurality of rings 6001 (Figure 6b) provide
increased flexibility allowing the distal segment 1011 of
the tube frame 1005 containing the rings 6001 to navigate
curves having radii as small as approximately 2.54 mm
(0.1 inches). For example, the distal segment containing
the rings 6001 can bend at a 90-degree angle without
compromising or collapsing the lumen 1008 of the rings
6001 or of the tube frame 1005, consequently avoiding
kinking the guide catheter extension during use in in-
creasingly smaller anatomy or vessels. Figure 6c. Al-
though as illustrated here, the rings are distributed only
over a portion of the of the tube frame 1005, in other
embodiments, the rings can be distributed over a sub-
stantial majority or entire length of the tube frame 1005.
[0060] The number of struts between any two rings can
vary from 1-10 with 1 or 2 being the preferred number of
connections. In other examples, the numbers of struts
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may exceed two, but the dimension of the struts may be
modified to maintain the desired degree of flexibility of
the guide catheter extension. The angular offset of the
struts, the spacing of the rings, and/or the height of each
ring may be varied in conjunction with the overall length
of the plurality of the rings to provide the desired degree
of flexibility and pushability of the guide catheter exten-
sion through smaller vessels.
[0061] Because of the increased flexibility of the rings
as compared to the flexibility of either the proximal seg-
ments 1010 of the tube frame 1005 or other portions of
the distal segment 1011, the distal segment 1011 may
define or otherwise include a transition zone of interme-
diate flexibility 7001 leading to the plurality of rings 6001
(Figure 7). For example, the transition zone 7001 may
include cut pattern variations (such as, for example, cut
widths, angular orientations, pitch angles, etc.) as com-
pared to that of more proximal sections of the distal seg-
ment 1011 in order to provide a flexibility or average stiff-
ness that lies between an average stiffness of a proximal
region of the distal segment and an average stiffness of
the rings. The transitional flexibility improves the ability
of the guide catheter extension to navigate tortuous anat-
omy without compromising or kinking the internal lumen,
which could otherwise occur with abrupt significant
changes in stiffness across distal sections of the guide
catheter extension.
[0062] Another embodiment of the tube frame 1005 cut
patterns of the disclosure is shown in Figures 8a-c. The
zones can be along any portion of the tube frame, e.g.,
in the proximal 1010 or distal 1011 segments, in a single
or multiple segment and may comprise the cut pattern of
the entire tube frame 1005. Each zone includes a plurality
of units (or groups) of radially symmetric, cutout seg-
ments that are distributed around the circumference of
the tube in a band or row. A band or row can have 2, 3,
4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100,
200, 300, 400, 500, 1000 to n units. In Figure 8a, seven
zones, Zones 1 -7 are shown. Units from each of the 7
zones are identified as follows: (i) Zone 1, 8001; (ii) Zone
2, 8002; (iii) Zone 3, 8003; (iv) Zone 4, 8004; (v) Zone 5,
8005; (vi) Zone 6, 8006; and (vii) Zone 7, 8007. Each unit
of the cutout portions can include three cutout segments
each segment extending radially from a center point or
center of symmetry. The cutout segments have a three-
fold rotational symmetry, where each cutout segment is
rotated 120 degrees from an adjacent cutout segment
about a center of symmetry. Within each zone, all of the
units of cutout segments may have an equal open surface
area (i.e., the open surface area is the area enclosed by
the contour of the segments in a contiguous manner) as
well as an equal cut-pattern perimeter length, the length
of a continuous line traced along the shape of the cutout
segment. Across different zones, the units of cutout seg-
ments may have larger surface areas and increased cut-
pattern perimeter length in zones when labeled in the
figure with higher zone numbers, e.g., the open surface
area ranking unit of zone 1 < unit of zone 2 < unit of zone

3 < unit of zone 4 < unit of zone 5 < unit of zone 6 < unit
of zone 7 and the cut-pattern perimeter length ranking is
unit of zone 1 < unit of zone 2 < unit of zone 3 < unit of
zone 4 < unit of zone 5 < unit of zone 6 < unit of zone 7.
The patterns of the cutout portions having the three-fold
rotational symmetry about a central point of symmetry
(center of symmetry) as shown can also generally re-
ferred to as the "triplex" pattern or "triplex" cut herein.
[0063] The configuration shown provides for a gradu-
ally decreasing uncut surface area coverage along the
length of the tube from the Zone 1 to Zone 7, enabling
the segment of the tube shown in this embodiment to
have a gradually increasing bending flexibility. The 7
zones in Figure 8a are shown arranged in sequence, i.e.,
1 to 7, only for illustrative purpose. In other embodiments,
the zones containing the units can be arranged in any
order along the longitudinal axis to provide any desired
change of bending flexibility at any point or section along
the longitudinal axis. The tube can be provided with few-
er, 1, 2, 3, 4, 5 or 6, or more zones, 7, 8, 9, 10, 11, 12,
13, 14 or 15 (higher numbers are also possible, e.g. 20,
30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600,
700, 800, 900, 1000 to n different zones). The zones,
which have different cutout surface areas as well as dif-
ferent cut-pattern perimeter lengths, can also be ar-
ranged in any order, e.g., zone 1, zone 6, zone 7, zone
4, zone 5, zone 3, zone 2, in order to control flexibility of
the tube at any point along the length of the tube.
[0064] The spacing between units in a band is shown
in Figure 8b and is represented as dc, where dc is the
distance between the center of symmetry, Cs, of two ad-
jacent units in the same band. The spacing, dc, is equal
within a single band and may be constant across the
length of the tube in different zones. The spacing between
bands within a zone, e.g., zone 1, zone 2 and zone 3, is
shown as d1, d2 and d3; d1 = d2 = d3, where the spacing
is measured between the lines, which run through the
center of symmetry, Cs, of the bands within each zone.
The spacing between zones, e.g., zone 1 - zone 2, d12,
zone 2- zone 3, d23 and zone 3 - zone 4, d34;
d12=d23=d34, where the spacing is measured between
the lines, 81-86. In one embodiment, the spacing be-
tween bands within a zone may be equal to the spacing
of two bands between two different zones, e.g.,
d1=d2=d3=d12=d23=d34. In other embodiments, the
spacing between bands within a zone may be greater
than or less than the spacing between the bands in two
different zones, e.g., d1=d2=d3 > d12=d23=d34 or
d1=d2=d3 < d12=d23=d34.
[0065] All cutout segments of the units within a zone
can have the same orientation or are in-phase with re-
spect to the line through the center of symmetry for each
row. The cutout segments in adjacent bands or rows with-
in a zone can also have the same orientation or are in-
phase with respect to the line through the center of sym-
metry for each row. In other words, the corresponding
cutout segments in one unit within a zone are parallel
with the cutout segments in an adjacent unit. The center
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of symmetry, Cs, of units within the same zone, but in
adjacent bands is shifted by one unit as shown in
[0066] An overview of the transition of the units across
zone 1 to zone 7 is shown in Figures 8c. The following
characteristics apply to the dimensions across the zones.
The open surface area of the cutout areas across the
different zones rank orders as: Zone 1< Zone 2< Zone
3< Zone 4< Zone 5< Zone 6< Zone 7. The change in
either open surface area or cut-pattern perimeter length
across multiple zones can be linear, exponential, assume
a step-wise or square wave function and be increasing,
decreasing, constant, continuous or discontinuous.
[0067] Within any one zone, the cutout segments form-
ing a unit may assume any symmetrical shape about a
center of symmetry, Cs. There may be 1, 2, 3, 4, 5, 6, 7,
8, 9, 10 or n cutout segments in a unit. The cutout seg-
ments may be continuous or separate. For example, the
cutout segment may form a circle or a symmetrical, n-
sided polygon, such as a hexagon or octagon. Different
zones may have the same or different symmetrical
shapes. The geometric rules, both within a zone as well
as across a zone remain the same in these embodiments
as they are for the triplex cutout segments described
above. Specifically, the units are arranged in a band. A
band or row can have 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40,
50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 1000 to n
units. The spacing between units in a band represented
as dc, where dc is the distance between the center of
symmetry, Cs, of two adjacent units in a band, dc, is equal
within a single band and may be constant across the
length of the tube in different zones. The spacing between
bands within a zone and across zones may be equal as
well. All cutout segments of the units within a zone can
have the same orientation or are in-phase with respect
to the line through the center of symmetry for each row
or band. The cutout segments in adjacent bands or rows
within a zone can also have the same orientation or are
in-phase with respect to the line through the center of
symmetry for each row. The center of symmetry, Cs, of
units within the same zone, but in adjacent bands is shift-
ed. Between two adjacent zones, the units are shifted
around the circumference of the band such that a straight
line can be drawn between the center of symmetry for
units in adjacent zones. The center of symmetry, Cs, in
different bands falls along the same line in every other
band. In other words, the center of symmetry of each unit
is positioned at the same point on the circumference of
the tube frame as the center of symmetry of a second
unit in a third, third, fifth, etc. band which is separated by
one band from the first band.
[0068] One tube frame 1005 may contain multiple, dif-
ferent zones. For example, the tube can be provided with
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 or 15 (higher
numbers are also possible, e.g. 20, 30, 40, 50, 60, 70,
80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000
to n different zones). If a tube frame 5 contains multiple
zones, then across different zones there may be a
change in open surface area and cut-pattern perimeter

length. For example, if the cutout segment is formed in
the shape of a hexagon and there are seven zones, a
first zone, a second zone, a third zone, a fourth zone, a
fifth zone, a sixth zone and a seventh zone, then the rank
order for the open surface area and cut-pattern perimeter
length is: unit of first zone < unit of second zone < unit
of third zone < unit of fourth zone < unit of fifth zone <
unit sixth zone. If there are equal number of units per
zone, then the rank order applies to zones as well. The
change in either open surface area or cut-pattern perim-
eter length across multiple different zones can be linear,
exponential or assume a step-wise or square wave func-
tion and be increasing, decreasing, constant, continuous
or discontinuous.
[0069] In embodiments formed from other cutout seg-
ments, e.g., circles or n-sided polygons, the width across
any uncut portion, may be varied, i.e., the width may be
reduced. This reduction in width will result in an increase
in the open surface area 1004. By increasing the open
surface area, the uncut surface area within unit in any
one zone, the flexibility of that portion composed of such
units with increased open surface area of the cutout seg-
ments will increase.
[0070] The flexibility of the tube frame 1005 may be
controlled at any position along the tube frame 1005 by
combining one or more zones at various positions along
the length of the tube. Flexibility of the tube frame 1005
is positively correlated with the open surface area. In oth-
er words, as the open surface area of a cutout segment
increases the flexibility of a zone composed of units hav-
ing the larger cutout segments increases. Conversely,
flexibility is inversely correlated with the uncut area; as
the uncut surface area increases, flexibility decreases.
[0071] The total uncut area at any one point on the
tube frame 1005 will depend on a number of factors, in-
cluding the number of bands in each zone and the di-
mensions of the cutout segments (the open surface area
of a particular unit). If the number of bands in each zone
are constant, then the rank order is for the uncut surface
area, unit of zone 1> unit of zone 2> unit of zone 3> unit
of zone 4> unit of zone 5> unit of zone 6> unit of zone 7
(in other words, there is a fading of uncut area across
zones) and the rank order of flexibility of the tube is zone
1< zone 2 < zone 3 < zone 4 < zone 5 < zone 6 < zone
7 (flexibility is positively correlated with the open surface
area and inversely correlated with the uncut area). The
change in flexibility across multiple different zones can
be linear, exponential or assume a step-wise or square
wave function, increasing, decreasing, constant, discon-
tinuous or continuous.
[0072] By using different zone patterns along the shaft
length, flexibility can be increased or decreased along
the shaft length, as well as other characteristics of the
tube, such as torque, flexibility, pushability, resistance to
axial compression and stretch, maintaining lumen diam-
eter and kink resistance.
[0073] According to embodiments of the present dis-
closure, a tube frame 1005 can include a plurality of dif-
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ferent cut patterns along lengths thereof that provide var-
ying degrees of stiffness. For example, as shown in Fig-
ure 9a, the tube frame 1005 includes a first section 9001
having interrupted or discontinuous spiral cuts inter-
spersed with uncut sections, which provides an average
stiffness for that section between 0.002-0.004 N/mm,
with a preferred embodiment having a stiffness of 0.003
N/mm; a second section 9002 that contains a continuous
spiral pattern described above, which provides an aver-
age stiffness for that section between 0.001-0.003 N/mm,
with a preferred embodiment having a stiffness of 0.002
N/mm; and a third section 9003 that includes one or more
zones and patterns described above and illustrated in
Figures 8a-8c, which provides an average stiffness for
that section between 0.002-0.004 N/mm, with a preferred
embodiment having a stiffness of 0.003 N/mm. The tube
frame 1005 may further include section 9004, which may
include a plurality of interconnected rings as described
herein which may provide an average stiffness for that
section between 0.005-0.016 N/mm. The spiral cut sec-
tion may include several sub-sections that may have dif-
ferent spiral parameters, such as cut widths, gaps, pitch-
es, etc., such that the bending flexibility along the spiral
cut section can vary longitudinally as desired. Any com-
bination of the cut patterns described herein may be used
in the tube frame 1005.
[0074] Now referring to the example shown in Figure
9b, the tube frame 1005 may also include one or more
solid, uncut sections 9005a, 9005b spanning the length
of the tube frame 1005. The uncut sections 9005a, 9005b
may be situated between two different (or the same) cut
patterns, including the interrupted spiral cut sections
9001a-c, and/or interspersed between one or more seg-
ments having spiral cuts, interconnected rings, or other
patterns, such as those shown in Figure 9a or as other-
wise described herein.
[0075] The tube frame 1005 may be coupled to the
push member 1001 in a variety of different ways. For
example, as shown in Figures 10a-b, the tube frame 1005
may define or include a tongue element 1017 that ex-
tends proximally from a proximal segment of the tube
frame 1005. The tongue 1017 may be unitary with and
be formed from the same material composition as the
tube frame 1005. A distal end or region of the tongue
1103 may be positioned distally to the proximal opening
of the tube frame 1005/ lumen 1008, while a proximal
end or region 1105 of the tongue element 1005 extends
proximally past the proximal opening of the tube frame
1005. Figure 10b. The tongue element 1017 can be re-
cessed or offset longitudinally along the tube frame 1005
in relation to the proximal opening of the lumen 1008.
The tongue element 1017 and/or the proximal segment
1010 of tube frame 1005 may include one or more cuts
or spaces 1101 adjacent to the tongue element 1005 to
allow the tongue element 1005 to pivot and/or cantilever
to a degree with respect to the remainder of the tube
frame 1005. Figures 10a-b. The cuts or spaces 1101 may
connect to or otherwise include one or more keyholes

1102 to facilitate such cantilever movement and reduce
the risk of material failure at the deflection point of the
tongue. Figure 10b. Such cantilever or pivot movement
will thus be oriented about the recessed distal end of the
tongue element 1017, which can be supported by other
components described herein, and reduce the likelihood
of material fatigue and/or cyclic loading failure of the
tongue element 1017 during use of the guide catheter
extension.
[0076] The distal region 1103 on the tongue element
1017 may assume a variety of different shapes. In one
embodiment, the distal region 1103 assumes a generally
trapezoidal shape. Figure 11a. In this embodiment, the
cuts or spaces 1101 are angularly offset with respect to
the longitudinal axis LA 1009 of the tube frame 1005. The
embodiment where the distal region 1003 is generally
rectangular is shown in Figure 10b. In this embodiment,
the cuts 1101 are shown as generally parallel to longitu-
dinal axis, LA 1009 of the tube frame 1005. In a third
embodiment, the distal region 1103 of the tongue ele-
ment 1017 is flush with the proximal end 1012 of the tube
frame 1005. Figure 11b.
[0077] The tongue element 1017 may be angled with
respect to the longitudinal axis, LA 1009. Figure 12. For
example, as shown in Figure 12, the tongue 14 extends
towards an inner wall 103 of a surrounding guide catheter
"GC" (1201), thereby decreasing any obstruction or
cross-sectional obstacle that the tongue element 1017
may impose in more proximal regions of the tube frame
1017 where additional devices, instruments, or the like
may be positioned. The angle of deflection θ 1202 of the
tongue element 1017 may vary to accommodate partic-
ular applications and/or guide catheter dimensions. In
one example, the angle between the tongue element
1017 and the longitudinal axis LA 1009 may be approx-
imately 10 degrees. Other embodiments of the angle of
deflection can range from approximately 5 degrees to 35
degrees.
[0078] The tongue element 1017 may be sized and/or
shaped to matably couple with a portion of the push mem-
ber 1001. For example, as shown in Figures 13a-b, the
tongue element 1017 may have a substantially rectan-
gular cross section 1301 that is positioned within a cor-
respondingly-shaped slot of the push member 1001. The
slot of the push member 1001 may be formed, for exam-
ple, by flattening a portion 1301 of the otherwise sub-
stantially rounded tube 1302 that constitutes a portion of
the push member 1001. Other shapes and cross-sec-
tional profiles may be implemented to couple the tube
frame 1005 to the push member 1001, and the coupling
may be achieved and/or secured by any bonding method,
including, crimping, swaging, staking, adhesive bonding,
welding, brazing and/or soldering.
[0079] Now referring to Figure 14, another example of
an interconnection between the tube frame 1055 and
push member 1001 is shown. In this example, an inter-
mediate coupling member 1401, such as a wire, shim,
rod, or the like, couples to the tongue element 1402 of
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the tube frame 1005 and extends proximally to couple to
the push member 1001. In this example, the intermediate
coupling member 1401 may slide over or otherwise at-
tach to the tongue 1402 which may have a shorter length
when compared to the examples of the tongue element
1017. The intermediate coupling member 1401 is mata-
bly connected 1403 to the push member 1001 at an op-
posite end.
[0080] In another example, the intermediate coupling
member 1401 may couple to or be positioned within an
aperture or opening 1501 defined by the tube frame 1005.
For example, as shown in Figure 15, the tube frame 1005
defines a keyhole opening 1501 instead of a tongue el-
ement 1017, and the intermediate coupling member 1401
is positioned within the keyhole opening 1501. The key-
hole opening 1501 in the tube frame 1005 may have var-
ying shapes and sizes to accommodate the intermediate
coupling member 1401 and facilitate coupling thereto.
For example, Figure 16 illustrates an example of a sub-
stantially rectangular opening 1603. The intermediate
coupling member 1401 may be secured in-place with the
application of an adhesive, weld, fuse, or other bonding
modality, 1601, 1602. Now referring to Figure 17, in ad-
dition and/or alternatively to such coupling, a cap 1702
may be positioned over a portion of the intermediate cou-
pling member 1401 to enclose and secure the interme-
diate coupling member 1401 to the tube frame 1005, once
again employing one or more applications of an adhe-
sive, weld, fuse, or other bonding modality between the
cap 1702, intermediate coupling member 1401, and the
tube frame 1005.
[0081] In another example, the push member 1001
may be directly coupled to an aperture or opening defined
by the tube frame 5, such as those shown in Figures
16-17. In another embodiment, the push member 1001
may define an elongate portion or segment 1801 that
couples directly to the aperture or opening defined by the
tube frame 1005. The push member 1001 may then be
secured directly to the tube frame 1005 by employing
one or more applications of an adhesive, weld, fuse, or
other bonding modality.
[0082] In another example, as shown in Figures 19a-
b, a length of the push member 1001 may overlap with
a length of the tongue element 1017 and/or the interme-
diate coupling member 1401 to increase the surface area
between the two components for bonding or other attach-
ment. The push member 1001 may further define or in-
clude a skive portion 1901 that receives a tapered or cut
portion 1902 of the tongue element 1017 and/or the in-
termediate coupling member 1401. In an alternative ex-
ample, as shown in Figures 1a and 23a, the push member
1001 overlaps the tongue element 1017 and is bonded
through and adhesive or weld 1050 to secure the com-
ponents together.
[0083] Now referring to Figures 20a-b, a wire 2100 may
be coupled to and overlap each of the push member 1001
and the tongue element 1017 and/or the intermediate
coupling member 1401 to increase the stability and

strength of the attached assembly. The wire 2100 may
be bonded or otherwise coupled to each of the push
member 1001 and the tongue element 1017 and/or the
intermediate coupling member 1401 by welding, adhe-
sive, or other manufacturing process. The tongue ele-
ment 1017 and/or the intermediate coupling member
1401 may also include a cutdown or tapered section 2101
that extends into an internal cavity or opening of the push
member. Figure 20c.
[0084] Another example of an interconnection be-
tween the tube frame 1005 and push member 1001 is
illustrated in Figures 21a-d. In this example, the push
member 1001 includes a keyhole 2102 sized and shaped
to receive a corresponding, complementary keyhole cut-
down region 2103 of the tongue element 1017 and/or the
intermediate coupling member 1401, as well as overlap-
ping a length of the push member 1001 with a length of
the tongue element 1017 and/or the intermediate cou-
pling member 1401 to increase the surface area between
the components for bonding or other attachment.
[0085] The tongue element 1017, the intermediate
coupling member 1401, and/or the portion of the push
member 1001 coupled to the tube frame 1005 may in-
clude one or more features, dimensions, geometries,
and/or profiles to facilitate flexibility in one or more planes
of motion, thereby improving and/or contributing to the
overall flexibility of the guide extension catheter. Exam-
ples of such features are shown in Figures 21c-d, includ-
ing one or more cutouts, slots, or curved portions to pro-
vide flexion or bending in side-to-side and/or up-and-
down directions. Other implementations or combinations
of such features may be employed to provide a desired
degree or range of bending.
[0086] The tube frame 1005 may include one or more
axially-oriented protrusions 1019 extending from the dis-
tal 1013 and/or proximal 1012 ends of the tube frame
1005 that provide for or can facilitate attachment of one
or more components or layered materials, as described
further herein. Figures 22a-f. In certain embodiments,
the protrusions 1019 may be generally parallel with the
longitudinal axis LA 1009 of the tube frame 1005. Alter-
natively, the distal 1012 and/or proximal ends 1013 of
the tube frame 1005 may be flush or flat, i.e., perpendic-
ular with respect to the longitudinal axis 1009. Figure
22a. For example, protrusions 1019 may be made from
a plurality of closed, curvilinear elements which can be
sinusoidal or generally wave-form (meandering) in
shape. Figure 22a.
[0087] The protrusions 1019 may be laser cut or oth-
erwise manufactured directly from the wall of the tube
frame 1005, or otherwise assembled or coupled to the
tube frame 1005 such that the protrusions 1019 share
substantially the same inner 2201 and outer diameter
2202 dimensions with the tube frame 1005 (inner dimen-
sions 2203 of the lumen 1008 and outer dimensions 2204
of the tube frame 1005). For example, as shown in Fig-
ures 22a-b, the protrusions 1019 may include a plurality
of curvilinear projections in a crown-like configuration that
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substantially circumscribe an end or opening to the lumen
of the tube frame 1005. The curvilinear protrusions each
include an inner aperture or opening 2205 therein. Fig-
ures 22a-b.
[0088] In another example, the protrusions 1019 may
each include a substantially keyhole-like shape, as
shown in Figures 22c-d. The keyhole protrusions 1019
may generally include a substantially rectangular portion
coupled to a substantially circular or curvilinear portion
at an end thereof, where the substantially circular or cur-
vilinear portion has a diameter larger than a width of the
substantially rectangular portion. In another example, the
protrusions 1019 may each include a substantially round-
ed rectangular shape, as shown in Figures 22e-f. The
protrusions 1019 may generally include a substantially
rectangular portion coupled to a substantially semi-cir-
cular or curvilinear portion at an end thereof, where the
substantially semi-circular or curvilinear portion has a di-
ameter substantially the same as a width of the substan-
tially rectangular portion.
[0089] The proximal end 1012 of the tube frame 1005
may include a flare or flange 1018 (Figure 1b). The flare
or flange 1019 can be used to close or reduce the gap
between the tube frame 1005 of the guide catheter 1201.
Figure 23a. The guide catheter (GC) 1201 encloses the
guide catheter extension, as well as provide a guiding,
angled surface to direct wires, instruments, and/or other
devices being inserted and routed through the guide
catheter extension (such as a treatment catheter or stent
delivery device) into the proximal opening 2302 and into
the lumen 1008 of the tube frame 1005. The flare 1019
may thus be substantially coaxial with the longitudinal
axis LA 1009 of the tube frame 1005 and the lumen 1008
therethrough and may extend proximally from a proximal
end 1012 of the tube frame 1005 to the distal end 1013.
In the embodiment shown, the flare or flange 1018 ex-
tends radially outwardly from the proximal opening 2302
and lumen 1008 of the tube frame 1005 and has a greater
outer diameter than the outer diameter of the tube frame
1005. The flare or flange 1019 can substantially close or
seal any gap 2301 formed between the guide catheter
1201 and the tube frame 1005. The cross-sectional area
of the flare or flange 1018 can taper or be thinner at the
point on the flare 2303 not attached to the axial protru-
sions 1021. Functionally, this section of the flare or flange
2305 can act as a "wiper blade" which can be in contact
with the guide catheter 1201. This decrease in cross-
sectional area across the flare or flange 1018 from the
area in contact with the axial protrusions to the area not
in contact will result in an increasing flexibility or ability
to bend of the flare or flange 1018 at the area or section
2305 not in contact with the axial protrusions. This flex-
ibility allows the flare or flange 1018 to accommodate
catheters of different diameter while maintaining a seal
between the guide catheter 1201 and the tube frame
1005. For example, this type of construction enables the
guide catheter extension to be used to inject contrast
media into a target site in the patient’s vasculature without

leakage from the distal end of the guide catheter exten-
sion, as well as facilitate efficient aspiration through the
lumen 1008 of the tube frame 1005, rather than through
interstitial spacing or gaps between the tube frame 1005
and the guide catheter 1201.
[0090] The flare or flange 1018 can be made from one
or more elastic polymeric materials, preferably rubbery
material with good lubricity, such as PEBA, PTFE, sili-
cone or other fluoropolymers. The flare or flange 1018
may also be radiopaque, which may be achieved by uti-
lizing a tungsten-filled or bismuth-filled polymer, such as
PBAX®. The thickness of the flare or flange 1018 can be
selected to ensure the flare or flange 1018 has sufficient
pliability to allow the guide catheter extension to move
axially within the guide catheter 1201 without significantly
hampering its maneuverability. For example, the thick-
ness of the flare 120 can be about 0.05 mm (0.0019 inch-
es) to about 1 mm (0.039 inches), or about 0.2 mm
(0.0078 inches) to about 0.5 mm (0.0196 inches).
[0091] The flare or flange 1018 can be made as a sep-
arate piece and adhered to a proximal end 1012 of the
tube frame 1005, including adherence or coupling of the
flare or flange 1018 to the protrusions 1019 (as shown
in Figures 1a-c). In such examples, the flare or flange
1018 may be fused or melted onto the protrusions 1019,
and the protrusions 1019 may resist axial separation of
the flare or flange 1018 through the geometry and/or ap-
erture/opening features of the protrusions 1019. In an
alternative example, the flare or flange 1018 may be con-
structed or formed as an extension of an inner lining or
outer jacket of the guide catheter 1201. The end of the
flare or flange 1018 may be substantially perpendicular
or perpendicular, i.e., not in a skived configuration, with
respect to the longitudinal axis LA 1008 of the tube frame
1005. See, e.g., Figure 1b.
[0092] The flare or flange 1018 can further provide
structural support to the tongue element 1017 and/or the
intermediary coupling member 1401 by being partially
fused to and/or having a portion of the flare or flange
positioned against an underside of the tongue element
1017 and/or intermediary coupling member 1401. The
flare or flange 1018 can thus support against or restrain
excessive deflection and/or material failure of the tongue
element 1017 and/or intermediary coupling member
1401 when the guide catheter is in use.
[0093] The flare or flange 1018 may include a substan-
tially uniform circumferential profile. Alternative shapes
and profiles of the flare or flange 1018 may also be utilized
to facilitate both sealing of the catheter to the inner wall
of the external guide catheter, as well as aiding reception
of the guidewire into the lumen of the distal tube. For
example, as shown in Figure 24, the flare or flange 1018
may have an asymmetrical protruding section 2501 ex-
tending further outward from a remainder of the flare or
flange 1018. The protruding section may be positioned
on the "top" of the device (e.g., substantially opposite the
tongue element 1017 or intermediate coupling member
1401. Figure 24. In Figures 25a-c, another example of
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the flare or flange 1018 is shown having two protruding
sections 2601 positioned opposite each other. In Figures
26a-b, another example of the flare or flange 1018 is
shown having four protruding sections 2701 positioned
approximately equidistant form one another around the
circumference of the flare. In Figures 27a-c, another ex-
ample of the flare or flange 1018 is shown having a plu-
rality of protruding sections 2801 positioned around the
circumference of the flare or flange 1018.
[0094] In one embodiment, these protruding sections
2801 are formed from same materials as the tube frame
1005 by cutting a plurality of protruding sections 2901.
The flare or flange 1018 can then enclose the plurality of
protruding sections 2901. Figures 28a-b.
[0095] As stated above, the flare or flange 1018 aids
in directing a guidewire 3001 and/or other instruments or
devices passed through the external guiding catheter into
the lumen 1008 of the tube frame 1005. For example, as
shown in Figures 29a-c, a guidewire (GW) 3001 may be
advanced through a proximal portion of the guide cath-
eter (GC) 3001 towards the tube frame 1005 of the guide
catheter extension. If the guidewire 122 is off-center or
otherwise meandering through the lumen 1008 of the
guide catheter (GC) 1201 when it comes into contact with
the flare or flange 1018, the geometry and pliability of the
flare or flange 1018 directs the guidewire (GW) 3001 into
the lumen 1008 of the tube frame 1005 without damaging
the guidewire 3001, as shown in Figures 29a-d. Once
passed the threshold of the lumen 1008, the guidewire
(GW) 3001 can be pushed through the remainder of the
tube frame 1005 towards the distal end 1013 of the tube
frame 1005 and out towards the anatomy to be traversed.
Figures 29a-d.
[0096] Guidewires are typically comparatively thin,
having a diameter in the order of about 0.254 mm to
0.457mm. Guidewires (GW) are capable of transmitting
rotation from the proximal end of the guidewire to the
distal end of the guidewire. This transmission allows the
physician to controllably steer the guidewire through the
branches of the patient’s arteries and manipulate the
catheter to the intended target site in the coronary artery.
Additionally, the distal end of the guidewire should be
sufficiently flexible to allow the distal portion of the
guidewire to pass through sharply curved, tortuous cor-
onary anatomy.
[0097] Guidewires are well known in the art and the
appropriate choice of a guidewire for use the catheter of
the present disclosure can be made by a medical pro-
fessional, such as an interventional cardiologist or inter-
ventional radiologist. Among the common guidewire
(GW) configurations used in angioplasty is the type of
guidewire illustrated in U.S. Patent 4,545,390. Such a
wire includes an elongate flexible shaft, typically formed
from stainless steel, having a tapered distal portion and
a helical coil mounted to and about the tapered distal
portion. The generally tapering distal portion of the shaft
acts as a core for the coil and results in a guidewire (GW)
having a distal portion of increasing flexibility that is

adapted to follow the contours of the vascular anatomy
while still being capable of transmitting rotation from the
proximal end of the guidewire to the distal end so that
the physician can controllably steer the guidewire (GW)
through the patient’s blood vessels. The characteristics
of the guidewire are affected significantly by the details
of construction as the distal tip of the guidewire. For ex-
ample, in one type of tip construction, the tapering core
wire extends fully through the helical coil to the distal tip
of the coil and can be attached directly to a smoothly
rounded tip weld at the distal tip of the coil. Such a con-
struction typically results in a relatively stiff tip suited par-
ticularly for use when attempting to push the guidewire
through a tight area of stenosis. In addition to a high de-
gree of column strength, such a tip also displays excellent
torsional characteristics.
[0098] A liner 3101 may comprise one or more poly-
mers arranged in layers to form a tube. For example, the
liner 3101 may form a tube comprising two different ma-
terials, 3102, 3103, each with a different crystalline melt
or melt temperature. The liner 3101 may be constructed
from one or more polymers. Some examples of suitable
polymers may include polytetrafluoroethylene (PTFE),
ethylene tetrafluoroethylene (ETFE), fluorinated ethyl-
ene propylene (FEP), polyoxymethylene (POM, for ex-
ample, DELRIN available from DuPont), polyether block
ester, polyurethane (for example, Polyurethane 85A),
polypropylene (PP), polyvinylchloride (PVC), polyether-
ester (for example, ARNITEL available from DSM Engi-
neering Plastics), ether or ester based copolymers (for
example, butylene/poly(alkylene ether) phthalate and/or
other polyester elastomers such as HYTREL available
from DuPont), polyamide (for example, DURETHAN
available from Bayer or CRISTAMID. available from Elf
Atochem), elastomeric polyamides, block polya-
mide/ethers, polyether block amide (PEBA, for example
available under the trade name PEBAX.), ethylene vinyl
acetate copolymers (EVA), silicones, polyethylene (PE),
Marlex high-density polyethylene, Marlex low-density
polyethylene, linear low density polyethylene (for exam-
ple REXELL), polyester, polybutylene terephthalate
(PBT), polyethylene terephthalate (PET), polytrimethyl-
ene terephthalate, polyethylene naphthalate (PEN), pol-
yetheretherketone (PEEK), polyimide (PI), polyetherim-
ide (PEI), polyphenylene sulfide (PPS), polyphenylene
oxide (PPO), poly paraphenylene terephthalamide (for
example, KEVLAR), polysulfone, nylon, nylon-12 (such
as GRILAMID available from EMS American Grilon), per-
fluoro(propyl vinyl ether) (PFA), ethylene vinyl alcohol,
polyolefin, polystyrene, epoxy, polyvinylidene chloride
(PVdC), poly(styrene-b-isobutylene-b-styrene) (for ex-
ample, SIBS and/or SIBS 50A), polycarbonates, iono-
mers, biocompatible polymers, other suitable materials,
or mixtures, combinations, copolymers thereof, poly-
mer/metal composites, and the like. In some examples,
the liner 3101 can be blended with a liquid crystal polymer
(LCP).
[0099] For example, as shown in Figure 30, the liner
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3101 may be disposed within the lumen 1008 of the tube
frame 1005 and extend from the proximal end 1012 of
the tube frame 1005, adjacent and/or coupled to the flare
1018 and/or axial protrusions 1019, down to and/or past
the distal end 1013 of the tube frame 1005. The liner
3101 may have an overall length greater than the length
of the tube frame 1005 such that a portion of the liner
3101 extends beyond and out of the distal end of the tube
frame 5, as shown. The liner can form a tube 3103 within
the tube frame 1005.
[0100] The liner 3101 contributes to (and/or not other-
wise significantly impede) the operability of the tube
frame 1005, and the guide catheter 1201 overall, to nav-
igate tortuous anatomy having reduced radii of curvature,
while also complimenting the pushability of the guide
catheter extension both within and partially external to
the guide catheter 1201. To achieve such performance,
the liner 3101 may be constructed from the materials
listed above and may include a wall thickness between
approximately 0.00635 mm (0.00025 inches) and ap-
proximately 0.127 mm (0.005 inches). In a preferred ex-
ample, the liner 3101 may be constructed from the ma-
terials listed above, and may include a wall thickness
between approximately 0.00635 mm (0.00025 inches)
and approximately 0.0127 mm (0.0005 inches).
[0101] The liner 3103 may be only partially and/or in-
termittently fused, bonded, or otherwise adhered to the
tube frame 5 to further contribute to the overall flexibility
and pushability of the guide catheter. The attachment of
the liner 3103 to the inner wall of the tube may include,
for example, heat fusing/melting, use of an adhesive, or
other manufacturing processes. The bonding/attach-
ment process may include one or more intermediary
compounds or materials to facilitate or effect the attach-
ment between the liner 3103 and the tube frame 1005.
For example, in a device utilizing a liner constructed from
PTFE, a PEBAX® powder coating may be applied be-
tween the PTFE liner and the distal tube. Heat may then
be applied to the tube frame 1005 assembly at a temper-
ature sufficient to melt the PEBAX®, but lower than a
temperature required to melt the PTFE. The melted
PEBAX® thus bonds the PTFE liner to the tube frame
1005 to secure it in place. The fused segment of PEBAX®

can be attached as a ring or a point.
[0102] When a polymeric liner is completely bonded to
a tube frame 1005, the rigidity of the fused assembly
greatly increases, and flexibility is decreased due to, at
least in part, the change in hardness of the fused liner
resulting from the bonding process. For example, Figure
31 provides measurements from a series of bending tests
applied to components and combinations of tube frame
5 and liner 3103 assemblies. The Y-axis of the graph
shows the bending force required to bend the subject
assembly or component, while the X-axis refers to the
position along the length of the subject assembly or com-
ponent where the force was applied and measured.
When the liner is fully fused the tube frame 1005 is least
flexible as measured by the 3-point Bend test. The bend

tests were performed using a setup similar to that illus-
trated in Figure 32, e.g., by supporting a length L of the
tube frame 1005 at two points, then applying a force F
to the midsection of that length, measuring the resulting
deflection, and calculating and calculating a resulting
stiffness value. The test fixture used to perform the meas-
urements was a Chatillon® LTCM-6 digital motorized
force tester.
[0103] As shown in the graph of Figure 31, a tube frame
1005 without any liner disposed therein or thereon re-
quires between approximately 0.22N - 0.35N to bend. A
tube frame 1005with an unbonded, unfused liner dis-
posed therein requires between approximately 0.335N -
0.469N to bend. A tube frame 1005 with a partially bond-
ed liner disposed therein requires between approximate-
ly 0.469N - 1.08 8N to bend, depending on the proximity
of the bending force to the location where the bond-
ing/fusing is located (e.g., a higher bending force is re-
quired in close proximity to a fuse point, while significantly
lower force is needed the further the distance from the
fuse point). A tube frame 1005 with the liner fully fused
to a tube frame requires between approximately 1. IN -
1.405N to bend the assembly, which is close to 3x the
bending force compared to the lower end of the bending
force required for the partially fused assembly. As a re-
sult, a partially fused liner construct can provide flexibility
and operable performance that is several times greater
than traditional, fully-fused liner constructs.
[0104] For example, the liner 3203 may be intermit-
tently or partially fused, bonded, and/or otherwise ad-
hered to the tube frame 5 using different patterns, spac-
ing, and/or shape(s) of the fuse points or segments that
bond the liner 3203 to the tube frame 1005. Such pat-
terns, spacing, dimensions, and/or shapes may be varied
in conjunction with other variable features of the distal
assembly (e.g., material selection, wall thickness, cut
patterns, etc.) to provide the overall desired pushability
and flexibility of the guide catheter extension.
[0105] For example, coupling of the liner 3203 to the
tube frame 1005, may include the creation or implemen-
tation of one or more fused segments 3301, each having
a substantially ring-like or circumferential profile, as
shown in Figure 33a. Each substantially circumferential
fused segment 3203 may have a width between approx-
imately 1mm (0.0393 inches) and approximately 2.54 cm
(1 inch). A plurality of substantially circumferential fused
segments may be employed along the length of the distal
assembly, where sequential substantially circumferential
fused segments are spaced apart by between approxi-
mately 1mm (0.0393 inches) and approximately 2.54 cm
(1 inch). Figures 33b-c. In another example, the liner
3203 may be coupled to the tube frame 5 at three loca-
tions - at or near the proximal 10 and distal ends 11 of
the tube frame 5, and at or near the approximate midpoint
of the tube frame 5.
[0106] In a preferred example, each fused segment
3301 may have a width between approximately 1mm
(0.0393 inches) and approximately 2mm (0.0787 inch-
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es), and sequential fused segments may be spaced apart
no less than approximately 12.7 mm (0.5 inches).
[0107] In another example, a continuous, substantially
continuous, and/or interrupted spiral pattern may be im-
plemented for the fused segment(s) 3301. Figure 33d.
Such a fuse pattern could be achieved, for example, by
rotating and pulling the tube frame 1005 across a heating
point, thus providing the spiral pattern. The width, pitch,
and/or spacing of the spiral pattern may be similar to the
dimensions and examples provided above. A fusing pat-
tern may be used such as a dashed line or interrupted
spiral bonding points
[0108] Alternatively, the liner 3203 may be fused to one
or more segments proximal and/or distally to the rings,
but otherwise ’float’ unbound within the length of the lu-
men 1008 passing through the rings. The outer jacket
1020, discussed below, may similarly be fused to one or
more segments proximal and/or distally to the rings, but
otherwise ’float’ unbound across the exterior of the length
of the rings.
[0109] The length of the tube frame 1005 can vary. For
example, the length of the tube frame can range from
about 15 cm to about 35 cm, about 10 cm to about 25
cm, about 20 cm to about 45 cm, about 30 cm to about
50 cm, about 5 cm to about 15 cm or about 1-5 cm.
[0110] Depending on the material as well as the struc-
tural requirements in terms of flexibility, the wall thickness
of the tube frame 5 at any point can vary, e.g., from about
0.05 mm to 2 mm, e.g., 0.05 mm to about 1 mm, about
0.1 mm, 0.2 mm, 0.3 mm, 0.4 mm, 0.5 mm, 0.6 mm, 0.7
mm, 0.8 mm, 0.9 mm, 1.0 mm, etc. The inner diameter
of the tube can vary, e.g., from about 0.1 mm to about 2
mm, or from about 0.25 mm to about 1 mm, e.g., about
0.2 mm, about 0.3 mm, about 0.4 mm, about 0.5 mm,
about 0.6 mm, about 0.7 mm, about 0.8 mm, about 0.9
mm, about 1 mm, about 2 mm, about 2.5 mm, about 3
mm thickness. The outer diameter of the tube frame 5
can also vary, e.g., from about 0.2 mm to about 3 mm,
e.g., including about 0.2 mm, about 0.3 mm, about 0.4
mm, about 0.5 mm, about 0.6 mm, about 0.7 mm, about
0.8 mm, about 0.9 mm, about 1 mm, about 1.1 mm, about
1.2 mm, about 1.3 mm, about 1.4 mm, about 1.5 mm,
about 1.6 mm, about 1.7 mm, about 1.8 mm, about 1.9
mm, about 2.0 mm, about 2.5 mm, about 3 mm thickness.
The wall thickness of the tube frame 5 wall, the inner
diameter and the outer diameter can each be constant
throughout the length of the tube frame 5 or vary along
the length of the tube frame 5.
[0111] In addition, the inner walls, i.e., lumen, of the
tube can be coated with a liner 3201 that both protects
the tube frame 1005 and facilitates transport of additional
tools devices such as guidewires and balloons through
the tubes of the catheter to distal locations. The liner 3201
can extend along a portion of the tube or can extend
throughout the entire length of the tube. The liner 3201
can form a partial or complete tube.
[0112] The distal end 1013 of the tube frame 1005 may
further include a catheter tip 1023 to aid in navigating

both the inside of the external guide catheter as well as
the anatomy to be accessed by the guide catheter ex-
tension. The catheter tip 1023 may have a rounded
and/or tapered atraumatic profile and be coupled to the
distal end of the tube frame 5 such that the catheter tip
1023 is substantially coaxially with the longitudinal axis
LA of the tube frame 1005 and the lumen 1008 there-
through. The catheter tip 1023 may be secured to tube
frame 1005 by fusing the catheter tip 1023 with the inner
wall 1006, the outer jacket 3401, the liner 3201, and/or
the axial protrusions 1021 extending from the distal end
1013 of the tube frame 1005. Figure 34. In the example
shown in Figure 34, the catheter tip 1023 is ’sandwiched’
between portions of the liner 3201 and the outer jacket
3401, and is further fused to portions of the axial protru-
sions 1021.
[0113] The catheter tip 1023 may be constructed from
a relatively soft or pliable material, such as PEBAX®. The
tip may be radiopaque, which may be achieved through
the inclusion or infusion of tungsten, bismuth, and/or bar-
ium sulphate into the tip material, or as otherwise set
forth herein.
[0114] Alternatively, at least two radiopaque markers,
such as bands which practically or completely enclose
the tube frame 1005 can be positioned along the tube
frame 1005 for aiding radiographic visualization. The
markers can include a radiopaque material, such as me-
tallic platinum, platinum-iridium, Ta, gold, etc., in the form
of wire coil or band, vapor deposition deposits, as well
as radiopaque powders or fillers, e.g., barium sulfate,
bismuth trioxide, bismuth sub carbonate, etc., embedded
or encapsulated in a polymer matrix. Alternatively, the
markers can be made from radiopaque polymers, such
as radiopaque polyurethane.
[0115] In another embodiment, the catheter tip has a
proximal end 3501 and a distal end 3502, where the distal
end 3502 forms an inwardly bending curve forming an
opening that has a diameter Dt smaller than that of the
lumen 1008 of the tube frame 1005. The catheter tip 3501
near the distal end 3502 can include a number of cuts to
make the distal tip more bendable, i.e., smaller "nose
cone" like end in order to minimize trauma of the blood
vessel wall when the distal tip is being advanced into a
patient’s vasculature.
[0116] In another type of catheter tip construction, the
tapered core wire terminates short of the tip weld. It is
common in such a construction to attach a very thin me-
tallic ribbon at one (proximal) end to the core wire and at
its other (distal) end to the tip weld. The ribbon serves
as a safety element to maintain the connection between
the core wire and the distal tip weld in the event of coil
breakage. It also serves to retain a bend formed in the
ribbon to maintain the tip in a bent configuration as is
desirable when manipulating and steering the guidewire.
Additionally, by terminating the core wire short of the tip
weld, the segment of the helical coil between the distal
end of the core wire and the tip weld is very flexible and
floppy. The floppy tip is desirable in situations where the

31 32 



EP 3 943 143 A2

18

5

10

15

20

25

30

35

40

45

50

55

vasculature is highly tortuous and in which the guidewire
must be capable of conforming to and following the tor-
tuous anatomy with minimal trauma to the blood vessel.
In another type of tip construction, the distal-most seg-
ment of the core wire is hammered flat (flat-dropped) so
as to serve the same function as the shaping ribbon but
as an integral unitary piece with the core wire. The tip of
the flat dropped segment is attached to the tip weld.
[0117] The outer jacket 1020 may be constructed from
nylon, polyether block amide, PTFE, FEP, PFA, PET,
PEEK, etc., and/or combinations or composites thereof.
The outer jacket 125 may have a wall thickness between
approximately 0.00508 mm (0.00020 inches) and ap-
proximately 0.127 mm (0.0050 inches) to minimize any
increased outer diameter of the guide catheter 102 as
compared to the tube frame 1005 outer diameter. In a
preferred example, the outer jacket 1020 may have a
wall thickness between approximately 5 microns
(0.00020 inches) and approximately 10 microns
(0.00040 inches). The outer jacket 1020 may span a
length 1014 of the tube frame 1005. The outer jacket
1020 provides an atraumatic, protective covering over
the rings to eliminate or significantly reduce any trauma
or pinching of surrounding tissue when the rings bend to
contour and travel through curvilinear anatomy.
[0118] While the outer jacket 1020 illustrated in Figures
30, 34 has a substantially smooth, cylindrical configura-
tion, the outer jacket 1020 may include one or more cut
patterns or other geometric features to facilitate, comple-
ment, and/or contribute to the overall flexibility of the dis-
tal assembly. For example, the outer jacket 1020 may
include an interrupted spiral cut pattern therein, as shown
in Figure 36a. Alternatively, the outer jacket 1020 may
include a series of spaced, substantially linear cuts or
holes therein, as shown in Figure 36b. In another exam-
ple, the outer jacket 1020 may have a substantially bel-
lows-like configuration, as shown in Figure 36c. Figure
36d illustrates another example, where the outer jacket
1020 may include a wound spiral configuration.
[0119] The outer jacket 1020 can be made from a pol-
ymer, e.g., by enclosing the tube wall with a co-extruded
polymeric tubular structure of single of multiple layers
and heat shrinking the tubular structure or coating the
tube frame 1005 via a dip coating process. The polymer
jacket material can be nylon, polyether block amide, PT-
FE (polytetrafluoroethylene), FEP (fluorinated ethylene
propylene), PFA (perfluoroalkoxy alkane), PET (polyeth-
ylene terephthalate) or PEEK (polyether ether ketone).
Further, a portion of the tube frame 5 (or the entire length
of guide catheter extension, including the guide catheter)
may be coated with a hydrophilic polymer coating to en-
hance lubricity and trackability. Hydrophilic polymer coat-
ings can include, but are not limited to, polyelectrolyte
and/or a non-ionic hydrophilic polymer, where the poly-
electrolyte polymer can include poly(acrylamide-co-
acrylic acid) salts, a poly(methacrylamide-co-acrylic ac-
id) salts, a poly(acrylamide-co-methacrylic acid) salts,
etc., and the non-ionic hydrophilic polymer may be po-

ly(lactams), for example polyvinylpyrollidone (PVP),
polyurethanes, homo- and copolymers of acrylic and
methacrylic acid, polyvinyl alcohol, polyvinylethers,
snapic anhydride based copolymers, polyesters, hydrox-
ypropylcellulose, heparin, dextran, polypeptides, etc.
See e.g., U.S. Patent Nos. 6,458,867 and 8,871,869. The
coating can be applied by a dip coating process or by
spraying the coating onto the tube outer and inner sur-
faces.
[0120] A lubricious coating or film may be added over
the outer jacket to facilitate movement of the catheter
through blood vessels. The lubricious coating can be
composed of, for example, silicone or hydrogel polymers
or the like, such as polymer networks of a vinyl polymer,
polyalkylene glycols, alkoxypolyethylene glycols or an
uncrosslinked hydrogel, e.g., Polyethylene oxide (PEO).
[0121] One or more surfaces of the guide catheter ex-
tension may include a lubricious, hydrophilic, protective,
or other type of coating. Hydrophobic coatings such as
fluoropolymers provide a dry lubricity which improves
guidewire handling and device exchanges. Lubricious
coatings improve steerability and improve lesion cross-
ing capability. Suitable lubricious polymers may include
silicone and the like, hydrophilic polymers such as high-
density polyethylene (HDPE), polytetrafluoroethylene
(PTFE), polyarylene oxides, polyvinylpyrolidones, poly-
vinylalcohols, hydroxy alkyl cellulosics, algins, saccha-
rides, caprolactones, other compounds disclosed herein,
and the like, and mixtures and combinations thereof. Hy-
drophilic polymers may be blended among themselves
or with formulated amounts of water insoluble com-
pounds (including some polymers) to yield coatings with
suitable lubricity, bonding, and solubility.
[0122] The tube frame 1005 (or a portion thereof) may
be substantially uniform in diameter across its entire
length. Alternatively, the tube frame 1005 can have a
varying diameter across its length, e.g., a tapered con-
figuration.
[0123] The tube frame 1005 can have variable flexibil-
ity, kinkability, torque to failure, torqueability, trackability,
pushability, crossability, and rotational response. A vari-
ety of different tests are available for testing flexibility,
kinkability, torque to failure, torqueability, trackability,
pushability, crossability, and rotational response. Vari-
ous standard tests for these properties known in the art
are disclosed in, for example, http://www.protomed-
labs.com/medical-device-testing/catheter-testing-func-
tional-performance (retrieved October 8, 2018).
[0124] Flexibility is the quality of bending without
breaking. The flexibility of the tube is dependent on the
material used, the interrupted spiral pattern, the wall
thickness, the inner diameter and the outer diameter, and
other variables. Flexibility can be determined by one of
the following testing methods. One method of testing flex-
ibility uses a proximal load cell to measure the ability of
the device to advance and withdraw, with no loss of func-
tion or damage to the tortuous anatomy, over a specific
bend angle. Alternatively, a roller system can be used to
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determine the smallest radius of curvature that the device
can withstand without kinking. Additionally, tests can be
performed by a cantilever beam to measure force and
bending angle by calculating F = [M x (%SR)] / (S x 100)
with angularity at 50° where F = flexibility, M = total bend-
ing moment, %SR = scale reading average, and S = span
length. Another method of testing flexibility is to use one-
and four-point bending tests to evaluate flexibility under
displacement control using a ZWICK 005 testing machine
which detects the force F and the bending deflection f
(https://www.zwick.com/en/universal-testing-ma-
chines/zwickiline, retrieved 10/29/18). The highest
measured data describes the flexibility as determined by
the equation E x I = (F x L3) / (3 x f) (Nmm2) where I =
moment of inertia, E = Young modulus, L = bending
length, f = bending deflection, and F = point force and E
x I = flexibility.
[0125] Torque to failure or brake is the amount of twist-
ing or rotational force the tubular member can withstand
before a plastic deformation of the catheter components,
a fracture or break occurs. One method for testing torque
to failure is through the use of proximal and distal torque
sensors which measure the amount of torque and the
number of revolutions until device failure by rotating the
device at a more proximal location and fixing the distal
end while the device is routed through tortuous anatomy.
Another testing method for calculating torque to failure
is by testing torque strength immediately following sub-
mersion in 37 6 2° C water for a set period of time. With
a guidewire in place, the device can be inserted into a
compatible guiding catheter which is constrained in a
two-dimensional shape to replicate access into the cor-
onary anatomy until the distal most 10 cm of the catheter
is exposed beyond the guiding tip and is attached to a
torque gauge to prevent rotation. The remainder of the
catheter body is rotated in 360° increments until distor-
tion, failure, breaks, fractures, kinks, or other damage
occurs along the catheter or at the catheter tip, or for a
set number of rotations.
[0126] Torqueability is the amount of torque, or rota-
tion, lost from one end of the tube to the other end of the
tube when a rotational force is exerted on one end. One
method for testing torqueability is by using a proximal
and distal torque sensor to measure the amount of torque
transmitted through the device by rotating the device at
a more proximal location and fixing the distal end while
the device is routed through tortuous anatomy. Another
method for testing torqueability is by using an artery sim-
ulating device for PTCA training, such as the PTCA train-
er, T/N: T001821-2, designed by Shinsuke Nanto, M.D.,
which simulates a clinical tortuous path. An indicator at-
tached to the catheter tip and inserted through the hole
of a dial. The catheter body is connected to a rotator, for
example T/N: T001923, and rotated clockwise in 90° in-
crements to about 1080°. The angle measured by dial
attached to the indicator on the catheter tip is used to
calculate the ratio of the angle of rotation of the body to
the angle of rotation of the tip, which corresponds with

the amount of torque lost during rotation.
[0127] A method for testing trackability is to use a prox-
imal load cell to measure the force to advance the device
through a tortuous anatomy with or without the aid of a
guiding accessory.
[0128] One method for testing pushability is to use a
proximal and distal load cell to measure the amount of
force the distal tip of the device sees when a known force
is being applied to on the proximal end.
[0129] A method for testing crossability is to use a prox-
imal load cell to measure the ability of the catheter device
to advance and withdraw over a specific lesion site with-
out loss of function or damage to the tortuous anatomy.
Additionally, a roller system can determine the worst le-
sion that the device can withstand without damage.
[0130] One method for testing rotational response is
by using proximal and distal rotation encoders to meas-
ure the amount of rotation transmitted through the device
by rotating the device at a more proximal location and
keeping the distal end free while the device is routed
through tortuous anatomy.
[0131] The features of the guide catheter extension as
disclosed and described herein provide significantly im-
proved performance compared to existing catheters. The
distal assembly, incorporating the features set forth here-
in, can provide an average stiffness between approxi-
mately 0.03 N/mm and approximately 0.10 N/mm along
a substantial length thereof, which provides improved ca-
pabilities compared to existing prior art devices. The un-
expected and improved capabilities of the guide catheter
extension overall, resulting from the combination of the
various specifications set forth herein (e.g., intermittent
liner bonding, tube frame 1005 cut patterns, wall thick-
ness, and other features) are demonstrated by the ability
of the extension catheter 1000 to traverse narrow curva-
ture that cannot be traversed by other devices. Moreover,
the cut patterns in the tube frame provide improved flex-
ibility while also providing improved lumen integrity (e.g.,
the ability to maintain the lumen diameter during signifi-
cant bending and navigation of tortuous anatomy) com-
pared to traditional braided or coil-reinforced catheters
of the prior art.
[0132] For example, Figure 37 is a photograph of 3
different prior art devices ("PA1", "PA2", "PA3") being
pushed over a guidewire GW through an identical curvi-
linear path having decreasing radii from left-to-right. The
stop point SP where each of the prior art devices stops
and does not proceed through the path any further under
an axial load (i.e., due to kinking, deformation, or other-
wise) is circled. In comparison, an example of the guide
catheter extension was pushed over a guidewire through
the same curvilinear path to successfully reach a stop
point SP at a much smaller radii than the prior art devices
- radii as small as approximately 2.54 mm - without kink-
ing or material deformation. This demonstrates the ability
of guide catheter extension to traverse smaller, more tor-
tuous anatomy and vasculature than existing devices,
thereby allowing for wider application of treatment op-
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tions and locations.
[0133] The variable flexibility of the sections of the tube
frame also facilitates surgical procedures in which side-
branch access is required or where tortuous vasculature
is encountered such as in the central nervous system.
Given the ability to use a wide variety of combinations
from the base tube’s material mechanical properties, the
tubing dimensions (OD/ID), wall thickness, cut tubing’s
mechanical properties resulting from the cut pattern
along the tube’s (material composition, UTS, % Elonga-
tion modulus of Elasticity, and other combinations of ma-
terial and mechanical properties (UTS, formulas defining
cut pitch angle, cut width, helical cut arc length and uncut
helical space between next helical arc cut), all enable the
designer to tailor a variety of mechanical properties de-
fined throughout the running length of the cut tube. Such
resulting properties such as stiffness, flexibility and using
the shape memory properties define a preset curvilinear
shape are programmable and changeable.
[0134] Additionally, such an induced shape memory
form would require a greater force to straighten or dimin-
ish and maintain via a resistive load force along the cut
and shape treated portion of the distal tubular segment,
to orient the shape set portion of the tube to revert back
into a straight linear concentric coaxial configuration,
which would enable the catheter to be advanced to the
vascular target.
[0135] Such variables assembled together, to create
a wide variety of structural shape combinations of tubes.
These structural shapes can easily be temporarily dimin-
ished inline by advancing the tubes over a wire track,
e.g., a guidewire, which exhibits mechanical properties
of deformation that exceed the curvilinear shape’s spring
constant. This temporary deformation enables advance-
ment of the catheter, the tubes, over the guidewire
through the vascular anatomy. Simply put, the spring
constant of the shaped curve portion is less than that of
the wire segment it is tracking over. Once the retaining
guidewire segment’s spring constant is less than that of
the set curvilinear shape, the cut shaped tube segment
will revert back to its preset shape, unless acted upon by
an additional other external forces or vascular confine-
ment.
[0136] Such methods may be implemented to access
and treat a myriad of varying conditions and/or diseases
in anatomical regions, including, peripheral, cardiovas-
cular, and neurological (e.g., central nervous system)
having minimal or difficult access. For example, complex
anatomic variation of blood vessels is common in the
aortic arch, the hepatic arterial configuration, gastric ar-
teries, celiac trunk, superior mesenteric, renal arteries,
femoral arteries as well as axillary arteries. Kahn et al.
Complex arterial patterning in an anatomical donor.
Translational Research in Anatomy. 12: 11-19 (2018).
The anatomic structure of a particular vasculature has
direct clinical relevance, particularly during invasive di-
agnostic and surgical procedures. Not only can the anat-
omy of a vascular site vary significantly, but also, the

procedure may require the use of multiple devices, e.g.,
wires, balloons and guide catheters. Guide catheter ex-
tension devices, such as the devices disclosed herein,
can provide improved delivery of multiple interventional
devices into such anatomy.
[0137] In one example of use, the guide catheter ex-
tension 1000 may be used to supplement and extend the
reach of a typical guide catheter to ultimately reach and/or
treat an anatomical location. For example, as shown in
Figures 38-c, a typical guide catheter GC 1201 may be
passed over a guidewire GW 3001, through the aortic
arch into an ostium of a coronary artery, which may have
a stenotic lesion for treatment. Once the distal end of the
guide catheter GC 1201 is seated in the ostium of the
coronary artery, the guide catheter extension 1000 is
passed through the interior of the guide catheter GC 1201
and extended distally of the distal end of the guide cath-
eter GC 1201, deeper into the coronary artery.
[0138] The guidewire GW 3001 may then be pushed
past the stenotic lesion or other occlusion. In some in-
stances, the application of force to the guidewire GW
3001 could cause the guide catheter GC 1201 to dislodge
from the ostium of the coronary artery in cases of a tough
stenotic or occlusive lesion. However, the combination
of guide catheter GC 1201 with the extending guide cath-
eter extension 1000 inserted into the ostium provides im-
proved distal anchoring of the devices and also provides
stiffer back up support than the external guide catheter
GC 1201 alone, thereby resisting dislodgement when the
guidewire GW 3001 is passed through the lesion, and
further provides improved back up support to assist in
the positioning of a subsequent treating catheter that may
include a stent or balloon.
[0139] Once the guidewire GW 3001 is pushed past
the stenotic or occlusive lesion, a treating catheter (not
shown) including a stent, balloon, and/or other treatment
or diagnostic components can be passed along the
guidewire to treat the lesion.
[0140] Such methods may be implemented to access
and treat a myriad of varying conditions and/or diseases
in anatomical regions having minimal or difficult access.
For example, complex anatomic variation of blood ves-
sels is common in the aortic arch, the hepatic arterial
configuration, gastric arteries, celiac trunk, superior me-
senteric, renal arteries, femoral arteries as well as axillary
arteries. Kahn et al. Complex arterial patterning in an
anatomical donor. Translational Research in Anatomy.
12: 11-19 (2018). The anatomic structure of a particular
vasculature has direct clinical relevance, particularly dur-
ing invasive diagnostic and surgical procedures. Not only
can the anatomy of a vascular site vary significantly, but
also, the procedure may require the use of multiple de-
vices, e.g., wires, balloons and guide catheters. Guide
catheter extension devices, such as the devices dis-
closed herein, can provide improved delivery of multiple
interventional devices into such anatomy.
[0141] The scope of the present disclosure is not lim-
ited by what has been specifically shown and described
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hereinabove. Those skilled in the art will recognize that
there are suitable alternatives to the depicted examples
of configurations, constructions, and dimensions, and
materials. Moreover, while certain embodiments or fig-
ures described herein may illustrate features not ex-
pressly indicated on other figures or embodiments, it is
understood that the features and components of the ex-
amples disclosed herein are not necessarily exclusive of
each other and may be included in a variety of different
combinations or configurations without departing from
the scope and spirit of the disclosure. The citation and
discussion of any references in the application is provid-
ed merely to clarify the description of the present disclo-
sure and is not an admission that any reference is prior
art to the disclosure described herein. All references cited
and discussed in this specification are incorporated here-
in by reference in their entirety. While certain embodi-
ments of the present disclosure have been shown and
described, it will be obvious to those skilled in the art that
changes and modifications may be made without depart-
ing from the spirit and scope of the disclosure. The matter
set forth in the foregoing description and accompanying
drawings is offered by way of illustration only and not as
a limitation.

Claims

1. A guide catheter extension, comprising:

- a push member having a lumen, a proximal
end and a distal end;
- a tube frame defining a lumen therein, a longi-
tudinal axis, and a proximal segment and a distal
segment, wherein the tube frame comprises a
plurality of cut patterns therein; and
- a tongue element extending from the proximal
segment of the tube frame, wherein the tongue
element is coupled to the push member,

wherein the tube frame comprises a plurality of pro-
trusions which extend from the proximal end of the
tube frame,

wherein a flare is coupled to said plurality of pro-
trusions on the proximal end of the tube frame,
and
wherein the flare is constructed from a polymer.
[1+53+55]

2. The guide catheter extension of claim 1, wherein the
tube frame comprises a plurality of protrusions which
extend from the distal end of the tube frame.

3. The guide catheter extension of claim 1, wherein a
catheter tip is coupled to the protrusions on the distal
end of the tube frame, wherein the catheter tip is
constructed from a polymer.

4. The guide catheter extension of claim 3, wherein the
polymer is impregnated with a radiopaque material.

5. The guide catheter extension of claim 1, wherein the
tube frame is constructed from nitinol.

6. The guide extension catheter of claim 1, wherein two
cuts are positioned within the tube frame, on either
side of the tongue element, each cut running sub-
stantially parallel with the longitudinal axis of the
tube.

7. The guide extension catheter of claim 5, wherein
each of the cuts terminates in the proximal segment
of the tube frame at a keyhole.

8. The guide catheter extension of claim 1, wherein the
guide catheter extension is enclosed with an outer
jacket and the outer jacket is coated with a lubricious
material. [61]
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